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“Knowing is not enough, we must apply. Willing is not enough, we must do.” 
W. H. Murray in The Scottish Himalaya Expedition, 1951. 
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Background and aim: High prevalence of childhood overweight/obesity is a major health 
concern due to related immediate and long-term health problems. Early identification of 
children at risk is of interest, as preventing or delaying the onset of obesity may influence 
future health. The aim of this thesis was to study how early life factors such as birth weight, 
childhood body mass index (BMI, kg/m2) and growth are related to overweight/obesity, body 
composition and bone health in adolescence.  
Methods: The Tromsø Study, Fit Futures (TFF) is a population-based cohort study with 
participants from Tromsø and neighbouring municipalities. Two waves were  conducted in 
2010-2011 (TFF1) and 2012-2013 (TFF2). Data from a representative sample of 961 
adolescents (48% girls) from TFF1, of which 659 had follow-up data from TFF2, formed the 
basis for this thesis. Longitudinal anthropometric data were retrospectively obtained from the 
Medical Birth Registry of Norway and childhood health records at 2-4 and 5-7 years. Body 
composition (fat mass and fat-free mass) and bone mass and bone density were measured by 
dual-energy X-ray absorptiometry at 15-17 and 18-20 years of age. In addition, height, 
weight and waist circumference was obtained. Participants were classified into BMI 
categories: underweight, normal weight, overweight and obese, according to the International 
Obesity Task Force age- and sex-specific cut-off values for children 2-18 years of age.  
Results: The prevalence of overweight including obesity increased with age and 21% of girls 
and 28% of boys were overweight/obese at 18-20 years of age. There was a modest 
association between birth weight and overweight/obesity at 15-20 years of age, and birth 
weight was significantly associated with higher fat-free mass as well as bone mass in 
adolescence. The degree of tracking of BMI from 2-4 and 5-7 years of age up to 15-20 years 
of age was moderate, with stronger associations observed for more severe overweight and 
obesity. Overweight/obesity at 6.0 and 16.5 years of age as well as greater BMI gain between 
6.0 and 16.5 years of age, were strong predictors of higher fat mass index (kg/m2) and central 
overweight/obesity as well as higher fat-free mass index (kg/m2) at 15-20 years of age. 
Compared to normal weight, overweight/obesity at 6.0 and 16.5 years of age revealed 
significantly higher levels of bone mass and bone density at total hip and total body, but 
underweight was consistently associated with lower bone mass and bone density at 15-20 
years of age. 
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Conclusion: We found a modest positive association between birth weight and body 
composition and bone mass at 15-20 years of age. Compared to birth weight, a high 
childhood BMI as well as childhood growth rate had a stronger influence on bone mass and 
bone density in adolescence. Greater BMI gain between 6.0 and 16.5 years of age were most 
strongly linked to adiposity and central overweight/obesity in adolescence. Early 
identification of children at risk of adverse levels of adiposity is possible and preventive 
efforts should focus on a healthy weight development. Both childhood and adolescence are 





Bakgrunn og mål: Den høye forekomsten av overvekt og fedme blant barn og unge i dag er 
bekymringsfull grunnet den økte risikoen for relaterte helseproblemer og økt risiko for 
utvikling av framtidig sykdom. Tidlig identifikasjon av barn under risiko er av interesse siden 
å forebygge eller utsette utviklingen av fedme kan påvirke framtidig helse. Målet med denne 
avhandlingen var å studere hvordan faktorer tidlig i livet, slik som fødselsvekt, 
kroppsmasseindeks (KMI, kg/m2) og vekst i barneår påvirker forekomsten av overvekt og 
fedme, kroppssammensetning og beinhelse i ungdomsår.  
Metode: Fit Futures er Tromsøundersøkelsens ungdomskohort (TFF), en populasjonsbasert 
studie blant ungdommer fra Tromsø og nærliggende kommuner som ble gjennomført i 
skoleårene 2010-2011 (TFF1) og 2012-2013 (TFF2). Data fra i alt 961 ungdommer (48% 
jenter) som deltok i TFF1, hvorav 659 også hadde oppfølgingsdata fra TFF2, danner basisen 
for studiene i avhandlingen. For å skaffe longitudinelle antropometriske data, ble data fra 
Medisinsk fødselsregister samt høyde- og vektdata fra helsestasjonsjournal ved to tidspunkt i 
barndommen, 2-4 og 5-7 års alder, retrospektivt samlet inn. Fra TFF ble høyde, vekt, 
midjemål, samt kroppssammensetning (fettmasse og fettfri masse), beinmasse og beintetthet 
målt ved hjelp av DXA-skanning ved 15-17 og 18-20 års alder benyttet. Alders- og 
kjønnsspesifikke grenseverdier, basert på KMI, for barn 2-18 år fra International Obesity 
Task Force ble benyttet for å kategorisere deltakerne som undervektig, normalvektig, 
overvektig eller med fedme.  
Resultat: Forekomsten av overvekt inkludert fedme økte med økende alder og 21% av 
jentene og 28% av guttene hadde overvekt/fedme ved 18-20 års alder. Vi fant en signifikant, 
men beskjeden sammenheng mellom høyere fødselsvekt og overvekt/fedme ved 15-20 års 
alder, og fødselsvekt var assosiert med høyere fettfri masse og beinmasse ved 15-20 år hos 
begge kjønn. Overvekt og fedme var i moderat grad vedvarende over tid fra 2-4 og 5-7 års 
alder og opp til 15-20 års alder. Mer alvorlig overvekt og fedme var i sterkere grad assosiert 
med fortsatt overvekt og fedme i ungdomsalder. Dette resultatet ble bekreftet med spesifikke 
mål på kroppssammensetning. Overvekt/fedme ved 6.0 og 16.5 års alder, så vel som større 
enn forventet økning i KMI mellom 6.0 og 16.5 års alder var i sterk grad assosiert med 
høyere fettmasse indeks (kg/m2) og abdominal fedme, men også en høyere fettfri masse 
indeks (kg/m2) ved 15-20 år. Sammenlignet med normal vekt, var overvekt/fedme ved 6.0 og 
16.5 års alder assosiert med signifikant høyere beinmasse og beintetthet i hofte og helkropp, 
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mens å være undervektig i barne- og ungdomsår var assosiert med lavere beinmasse og 
beintetthet ved 15-20 år.  
Konklusjon: Vi fant at fødselsvekt var positivt assosiert med kroppssammensetning og 
beinmasse ved 15-20 år, men i beskjeden grad. Sammenlignet med fødselsvekt hadde senere 
vekst og en høy KMI betydelig større innvirkning på beinmasse og beintetthet ved 15-20 års 
alder. En sterk økning i KMI mellom 6 og 16.5 år var sterkest assosiert med overvekt/fedme 
samt abdominal fedme i ungdomsårene. Det er mulig å identifisere barn med stor risiko for 
vedvarende overvekt og fedme allerede i førskolealderen og forebyggende tiltak med fokus 
på en sunn vekt bør settes inn i småbarnsalder og førskolealder. Men, forebyggende arbeid 
rettet mot ungdommer synes like viktig.  
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The Tromsø Study, Fit Futures 1 and 2 (TFF1 and TFF2) is a population-based cohort study 
among Norwegian adolescents. The Fit Futures study is an expansion of The Tromsø Study, 
and two repeated health surveys have been performed thus far in 2010/2011 and 2012/2013. 
The overall aim of the Fit Futures study is to study adolescents’ health and health behaviour 
from a broad perspective [1].  
Overweight and obesity among children and adolescents, as well as osteoporosis and 
osteoporotic fractures in the adult and elderly population, are important public health 
challenges today both worldwide and in Norway [2, 3]. Both topics and the relationship 
between them constitute the background for this thesis, which focuses on how early life 
factors influence body composition and bone health in adolescence. The promotion of health 
and prevention of illness are key elements in nursing (my profession) and my primary 
professional interest.  
I had the opportunity to study the prevalence of overweight and obesity among children and 
adolescents based on data from TFF1 in conjunction with my Master’s thesis in the Master’s 
degree programme in Public Health at UiT The Arctic University of Norway. Thereafter, 
based on the initiative of professor Nina Emaus, a well-established researcher within the 
osteoporosis field, we developed the protocol for the present Ph.D. project in close 
collaboration with public health nutritionist and researcher, professor Guri Skeie. Although 
overweight and obesity have been comprehensively studied in recent years, there are few 
larger longitudinal studies with data from recent birth cohorts. We appreciated the unique 
opportunity to study the influence of early life conditions on body composition and bone 
strength in a young Norwegian population with a reported high prevalence of 
overweight/obesity. In this thesis we use the term early life in accordance with a WHO 
definition of early child development period from birth up to eight years of age [4]. Early life 
is characterized by a phase of physical-, socio-emotional-, cognitive-, and motor development 
and represents a window of opportunity to improve health [2, 4]. Measured anthropometric 
data from early life with repeated body composition measures in adolescence are scarce and 
are a strength of this study. Our goal was that this project could add to the knowledge of 




1.1 Overweight and obesity 
1.1.1 Definition and classification 
The World Health Organization (WHO) defines overweight and obesity as abnormal or 
excessive fat accumulation that may impair health [5]. Body mass index (BMI) is defined as 
body weight in kg divided by the square of height in metres (kg/m2), and it is the most 
commonly used measure of underweight, overweight and obesity [6]. In adults, BMI is 
divided into categories according to recommendations by the WHO [7] (Table 1). 
 
Table 1. BMI categories - adult cut-off values 
Underweight BMI <18.5 kg/m2 
Normal weight BMI ≥18.5 – 24.9 kg/m2 
Overweight BMI ≥25.0 – 29.9 kg/m2 
Obesity BMI ≥30.0 kg/m2 
 
For children and adolescents younger than 18 years of age, there are several different 
classification systems in use [8, 9]. Among these systems, the weight for height or BMI for 
age according to population specific growth charts or according to the WHO growth standard 
for children aged 2-5 and 5-19 years are used [10, 11]. Different ways of classifying 
childhood overweight and obesity and the use of different growth references made it difficult 
to compare prevalence rates between populations. The International Obesity Task Force 
(IOTF) recommended developing new reference values to provide internationally comparable 
prevalence rates of overweight and obesity. In 2000, Cole et al. published such reference 
values for BMI based on childhood growth data from six countries [12]; since then, the IOTF 
classification system has been widely used [13]. These age- and sex-specific cut-off values 
for children 2-18 years of age [12] correspond to the BMI cut-offs for adults [7], which are 
presented above. In 2012 extended cut-off values were published, including cut-off values for 
underweight, in addition to cut-offs corresponding to BMIs of 27 and 35 kg/m2 [13]. A copy 
of the IOTF cut-off values for girls and boys aged 2-18 years is attached in Appendices 1 and 
2. Norwegian childhood reference data for length/height, weight, and BMI based on the same 
method have also been published [14]. 
 
Other important measures of overweight and obesity include waist circumference (WC), 
waist-hip ratio, and waist-to-height ratio (WHtR), which are all simple measures of central 




≥102 cm for men (adult criteria for Europids) are commonly used to define central 
overweight and obesity, respectively, also in adolescents >16 years of age [15, 16]. 
1.1.2 Prevalence of overweight and obesity among children and 
adolescents 
An increasing prevalence of overweight/obesity among children and adolescents worldwide 
has been observed during recent decades [2]. According to the WHO, more than 340 million 
children and adolescents aged 5-19 years were overweight or obese in 2016 [5]. More recent 
data indicate that this rising trend in BMI has plateaued, at least in some high-income 
countries, including Norway [17, 18]. However, the relatively high level of overweight and 
obesity is still a major health concern due to several related immediate and long-term health 
problems [2]. Geographical differences in prevalence rates and a north–south gradient have 
been observed both between countries and regions [2, 19], as well as between regions and 
urban-rural areas within Norway [18, 20-22]. Compared to, e.g., the USA and Southern 
European countries, the prevalence of overweight and obesity among Norwegian children is 
lower [19, 23]. In a national representative study among eight-year-old schoolchildren 
performed in 2008, 2010 and 2012, 16.2 % of girls and boys were overweight/obese (Figure 
1). 
 
Figure 1. Prevalence of overweight/obesity among eight-year-old children in Norway 2008-
2012, by health region  
Percentage (%) overweight including obesity among third graders by health region, adjusted 
for sex and year of measurement. The green line marks the overall prevalence of 
overweight/obesity at a national level (16.2% *) p-value <0.05. [20] Norwegian Institute of 




Several studies have shown a higher prevalence of overweight and obesity among children 
and adolescents in the northernmost health region than in other health regions in Norway [18, 
20, 22, 24, 25]. (Figures 1 and 2) It was, therefore, of particular interest to study overweight 
and obesity among children and adolescents in northern Norway. 
 
Figure 2. Percentage of overweight and obesity among 17-year-old Norwegians, by health 
region 
Percentage (%) of overweight including obesity among Norwegian 17-year-olds (both sexes) 
by health region, in 2011-2017. Based on self-reported height and weight from Session 1. 
Source: Vernepliktsverket (Military Service) [26]. 
 
1.1.3 Overweight/obesity and health consequences 
In the report “Norway: State of the Nation’s Health. Findings from the Global Burden of 
Diseases” 2013 [27], high BMI was ranked the third highest risk factor for early death among 
ages 15 to 49 and as the fourth highest risk factor for early death among ages 50 to 69. 
Although acknowledged mainly as a health risk among adults, childhood and adolescent 
overweight, especially obesity, are associated with both immediate and long-term health 
problems [28-31]. Several studies have shown an increased risk of adult morbidity especially 
cardiovascular disease (CVD), type 2 diabetes, cancer, musculoskeletal problems, and other 
diseases as well as premature mortality [6, 32-40]. 
Among the short-term health consequences are elevated blood pressure, adverse blood lipid 




41]. Psychological health consequences and impaired quality of life have also been reported 
[2, 31, 42]. 
Overall, a moderate degree of tracking of overweight and obesity from childhood and into 
adulthood has been reported [6, 43]. A moderate degree of tracking from childhood to 
adolescence was also seen in a subgroup of the Fit Futures cohort [44]. In epidemiological 
studies, tracking is commonly defined as the maintenance of certain risk factors over time 
[45]. Studies have shown that a prolonged duration of obesity is a strong predictor of CVD 
and diabetes [46, 47]. 
1.1.4 Causes and risk factors for overweight and obesity 
In principle, overweight/obesity in individuals is a result of an imbalance between energy 
intake and energy expenditure, which results in the storage of excess energy as fat and 
increased weight over time [5]. However, this is a simplistic way of understanding the 
pathway to overweight and obesity. Extensive research during recent decades has shown that 
there is not a single or simple cause for overweight and obesity, and the causes are still not 
fully understood [2, 28, 48]. Multiple factors, including genetic, biological, metabolic, 
behavioural, and environmental factors, all play roles in the development of overweight and 
obesity [2, 5, 49, 50]. 
In twin and adoption studies, the heritability of BMI is found to be high. Genetic factors are 
reported to explain from 40% up to 80% of BMI variation in childhood and adolescence [51, 
52]. The influential roles of genetic and environmental factors vary with age. The influence 
of shared environmental factors decreases in adolescence, while the influence of genetic and 
unique environmental factors increases with age [51, 52]. An increasing understanding of a 
gene-environment interaction has also emerged in recent years [49]. Epigenetics refers to 
heritable changes that affect gene function without changing the DNA sequence, and 
epigenetic mechanisms are associated with obesity [53]. These mechanisms are associated 
with an increased susceptibility for obesity, if exposed to the so-called “obesogenic” 
environment [49, 53]. The WHO defines an obesogenic environment as: “an environment 
that promotes high energy intake and sedentary behaviour. This includes the foods that are 
available, affordable, accessible and promoted; physical activity opportunities; and the 




Reduced physical activity levels and changes in dietary habits are the most important 
individual-level behavioural factors highlighted [2, 5, 18]. The availability and consumption 
of more energy-dense food, which is high in fat and sugar, and sugar-sweetened beverages 
has increased over the years. Low socio-economic status and other environmental changes in 
society, such as changes in labour, family structures, and mode of transport, are influential 
factors that contribute to the overweight epidemic [2, 5]. 
Other factors that are suggested to play roles in the development of overweight and obesity 
are prenatal maternal factors such as maternal smoking, excess weight gain or diabetes during 
pregnancy, parental BMI, and food habits. Other early life factors are infant feeding 
practices, such as formula vs. breastfeeding, the introduction of solid and complementary 
food, and the development of taste and flavour preferences. Inflammatory markers and 
psychological factors such as stress in both the mother and child have also been suggested [2, 
30, 55]. In the recent years, the gut microbiota has been highlighted, and assumed to play a 
role in the development of obesity [56].  
In studies from Norway, several factors have been shown to be associated with overweight 
and obesity. Socio-economic status, low maternal education level, rural residency, and 
divorced parents are all factors associated with increased overweight/obesity in Norwegian 
children [21, 22, 57]. A strong positive association between parents’ and their adolescent 
offspring’s BMI has also been reported [58]. 
To avoid the stigmatization of individuals, it is essential to be aware of this complex system 
when discussing challenges and possible solutions related to the obesity epidemic [59]. 
1.2 Body composition 
Although BMI is the most commonly used measure of overweight and obesity, it is an 
indirect measure of adiposity [6]. BMI has demonstrated high specificity and low sensitivity 
in predicting excess body fat in children and adolescents [6, 60-62], with some studies 
reporting that BMI fails to identify over 25% of children with excess body fat [62]. However, 
it has been well demonstrated that individuals with the same BMI may have very different fat 




1.2.1 Body composition measurements 
Body composition measurements, e.g., by dual-energy X-ray absorptiometry (DXA), provide 
supplementary information regarding fat mass, lean mass, bone mineral content (BMC) and 
fat distribution [64]. DXA-derived truncal-, android and gynoid fat mass are considered valid 
and clinically relevant measures of central adiposity [64-66]. 
DXA is a three-component model that assesses fat mass, lean mass, and bone mineral in the 
total body and specific parts of the body [6, 67]. The four-component (4-C) model is 
acknowledged as the gold standard reference model for body composition [6, 64]. The model 
includes the assessment of water, protein, and mineral in fat-free tissue. This multicomponent 
model combines several measures: BMC from DXA, total body water by deuterium dilution 
and body volume by air-displacement plethysmography measurements [6, 64].  
Other more simpler techniques that are frequently used in research include measures of WC, 
WHtR, skinfold thicknesses, and bioelectric impedance analysis [6, 68]. More advanced 
techniques, such as computed tomography (CT), magnetic resonance imaging or ultrasound 
are used for clinical purposes, but are also more frequently used in research. All techniques 
have their advantages and disadvantages. [6, 68]. Although the 4-C model is highly accurate, 
the disadvantages are is its low availability, and it is time consuming and expensive [6, 64]. 
DXA is a more frequently used non-invasive measure of body composition that is considered 
to be more available and less expensive with low acceptable ionizing radiation exposure for 
the patient as well as good precision and accuracy [6, 64, 67, 68].  
WC as well as other more advanced measures of central obesity, fat mass and lean mass are 
regarded as better measures of cardio-metabolic risk than BMI [15, 16, 66, 69, 70]. Several 
body composition indices such as skinfold thickness, WC, WHtR, BMI, and lean mass have 
also been linked to clustered CVD risk factors in a large study of European adolescents [71]. 
1.2.2 Gender differences in the development of body composition 
The human body composition changes throughout life and differs between males and 
females. Human muscle development begins in the first trimester of pregnancy, while 
adipose cells develop and fat deposition occurs throughout the last trimester and into infancy 
[72, 63]. Muscle mass and strength increase during childhood, peak in early adulthood and 




already at birth, although these differences are modest in childhood [73, 74]. However, 
endocrine changes during puberty lead to the characteristic sexual differences in body 
composition [73]. Pubertal maturation generally leads to higher fat-free mass in boys and 
higher fat mass in girls. Total fat-free mass is generally reported to be stable by 15-16 years 
of age in girls and by 17-19 years of age in boys. In adulthood, fat mass constitutes, on 
average, 13% of body weight in males and 25% in females [73]. In addition, females 
generally develop a gynoid body fat distribution with fat centred at the hip and thighs, and 
males develop an android fat distribution, with more fat in the abdominal area [73, 74]. Sex-
steroids, growth hormone, and insulin-like growth factor 1 (IGF-1) are the main endocrine 
factors involved in pubertal growth; however, in addition to endocrine status, ethnicity, 
genetic, nutritional, and environmental factors all play roles in the development of adult body 
composition [63, 73, 74].  
1.2.3 Body composition reference data 
An ethnic difference in body composition is recognized, and population specific reference 
data for children and adolescents has been called for [74]. Reference data for children and 
adolescents from some populations have been published the recent years [64, 75-77]. From 
Norway, anthropometric growth reference data including skinfold thickness from the Bergen 
growth study have been published [14, 78, 79]. However, to the best of our knowledge, no 
DXA-derived body composition reference data for Norwegian adolescents are available.  
1.3 Bone health 
In addition to overweight/obesity and body composition, we wanted to study bone health in 
adolescence in relation to birth weight as well as childhood BMI and growth. Bone health 
may be defined as: “a public health issue with an emphasis on prevention and early 
intervention to promote strong bones and prevent fractures and their consequences” [80] . 
1.3.1 Epidemiology of osteoporosis and osteoporotic fractures 
Osteoporosis is defined as “a systemic skeletal disease characterized by low bone density and 
the micro-architectural deterioration of bone tissue leading to bone fragility and a 
susceptibility to fracture” [81]. In the elderly, the incidence of osteoporotic fractures in 
Norway is among the highest reported in the world [82], despite recent reports of a decline in 




fracture rate and country differences has been found [83]. In addition to individual health 
consequences, loss of function and increased mortality, osteoporotic fractures constitute a 
major economic burden on the society [3]. Low bone density was ranked as one of the 
leading risk factors attributable to early death in Norway in 2013, according to findings from 
the Global Burden of Diseases [27]. 
To date, preventive strategies have, to a large degree, focused on reducing the age-related 
bone loss and prevention of fractures among the elderly. However, attention has shifted to the 
optimization of peak bone mass [84-86] (Figure 3). Peak bone mass is one of several 
determinants of adult bone strength, and	both peak bone mass and subsequent bone loss 
during ageing are important determinants for the risk of osteoporotic fractures [84, 87, 85, 
88]. 
1.3.2 Peak bone mass 
The amount of bone mass naturally increases during growth and reaches a plateau in young 
adulthood at 20-30 years of age, depending on gender, pubertal maturation and skeletal site 
[89, 86] (Figure 3). Measured by DXA, areal bone mineral density (aBMD) peaks prior to 20 
years of age at the proximal femoral sites, while total body bone mass peaks 6-10 years later 
[89]. Peak bone mass may be defined as the amount of bone mass present at the end of height 
growth and the end of skeletal maturation [84, 85]. Peak bone mass might also be seen as a 
broader concept characterized by bone density, microarchitecture and geometric properties 
related to bone strength [85]. Approximately 60% to 80% of the variability in peak bone 
mass and osteoporosis risk is determined by genetic factors [84, 85].  
Several studies have shown that bone density tend to track from childhood through 
adolescence, which indicates that bone status in adolescence may have a long-term effect on 
bone health [85, 86]. However, there is a broad consensus that a combination of genetic, 
endocrine, environmental, and lifestyle factors influences skeletal development and that 
lifestyle factors might have both a positive and negative impact on the achievement of peak 






Figure 3. Peak bone mass.  
Illustration (Figure 3): The general pattern of bone development and loss over time in men 
and women. Reprinted with permission from PMC [90 Fig.2.]. 
 
1.3.3 Skeletal development and gender differences 
The foundation of bone strength is laid in utero, with subsequent growth during infancy, 
childhood, and adolescence as important periods for the acquisition of adult peak bone mass 
[87]. In utero, the pattern of the skeleton is developed during the first trimester of pregnancy, 
while the majority of foetal bone mass is gained during the last trimester [87]. After birth, 
bone mass, bone size and density increase during growth in infancy and childhood through 
bone modelling processes (Figure 3), and both height and weight are strong predictors [84, 
87]. The amount of bone mass acquired follows a distinct age- and sex-specific pattern 
(Figure 3), and a gender difference in BMC and areal bone mineral density (aBMD) is 
present already in childhood, with boys having higher values than girls; however, when these 
gender differences occur are uncertain [85]. Boys also have greater bone area than girls [84, 
85]. However, it is the onset of puberty that starts the growth spurt in both girls and boys, 
generally leading to higher mean stature in boys than in girls of the same ethnicity. The linear 
growth spurt starts earlier in girls than boys. Girls reach peak height velocity (maximum 
linear growth rate) at approximately 12.5 years of age, whereas boys reach peak height 
velocity approximately two years later [73, 91]. Linear growth rate peaks earlier than BMC 




in boys, BMC accretion continues for a longer period [73, 84]. Other changes affecting bone 
strength occur during puberty, including; changes in structure, such as size and, shape, as 
well as changes in composition, such as the amount of cartilage, cortical and trabecular bone.  
1.3.4 Measuring bone mass and density 
DXA is the most common method of measuring bone mass and density in children and 
adolescents since it is safe, rapid, widely available and precise [85, 92]. DXA is a two-
dimensional imaging technique measuring BMC and bone area. BMC divided by scanned 
bone area, the areal bone mineral density (aBMD: g/cm2), is regarded as a good proxy 
measure of bone strength that is estimated to predict 66-74% of its variation in bone strength 
[93]. Bone has two principal constituents, cortical bone, a compact bone that acts as an outer 
shell, and trabecular bone, the sponge-like inner structure that adds strength to the bone while 
allowing it to be lightweight [85]. This constitution of bone makes measuring bone strength 
more challenging. New and more sophisticated methods such as quantitative computed 
tomography (QCT), high resolution peripheral QCT (HR-pQCT), and magnetic resonance 
imaging can provide measures of both cortical and trabecular bone, volumetric bone BMD, 
bone geometry, and microarchitecture [85]. Despite the capability of acquiring more detailed, 
high quality structural images with these new three-dimensional (3D) techniques, they are not 
widely used due to the need for limited specialist equipment and high costs . Therefore, DXA 
remains the gold standard for determination of osteoporosis as a diagnosis [3]. 
1.3.5 Determinants of peak bone mass  
To reach the full genetic potential of peak bone mass and bone strength, sufficient nutrition 
and optimal mechanical loading are required. The main determinants of peak bone mass are 
regular weight-bearing physical activity and nutrition, especially calcium, protein, and 
vitamin D. In addition, several studies have indicated that other lifestyle factors such as 
smoking, alcohol consumption, hormonal contraceptives, and other medication as well as a 
sedentary lifestyle have an impact on bone accretion [86, 84, 85]. Some of these lifestyle 
factors, especially physical activity, were found to affect bone accretion in the Fit Future 
cohort. In boys, sedentary behaviour and smoking were negatively associated with BMD, 
whereas moderate alcohol consumption was positively associated BMD levels [94, 95]. 




mass on peak bone mass is more controversial [85]. A recent review concluded that 
overweight and obese children have a significantly higher areal bone mineral density (aBMD) 
than normal-weight children, possibly due to increased mechanical loading, but the long-term 
impact is not clear [96]. By contrast, other studies have reported reduced bone mass and bone 
area and an increased risk of fracture among overweight and obese children [97-100]. The 
impact of overweight and obesity on skeletal development during growth is still uncertain, 
and more longitudinal studies have been requested [96, 98, 101-103]. Since lifestyle factors 
may contribute to 20-40% of the variance in adult peak bone mass [85], focusing on early life 
factors that are modifiable seems relevant. More knowledge of this relationship is warranted 
to support recommendations regarding bone-promoting lifestyle factors [85, 86]. 
1.4 Birth weight 
Birth weight is commonly used as a proxy for intrauterine and maternal nutrition and may 
indicate maternal and environmental factors affecting foetal growth. The intrauterine 
programming hypothesis suggests that prenatal conditions have long-term effects on health, 
with a previous focus particularly emphasizing the adverse effects of low birth weight [63, 
72, 104]. 
In a review by Brisbois et al. published in 2012, birth weight did not emerge as an early 
marker for adult overweight/obesity [105]. However, a recent review showed consistent 
associations between high birth weight and overweight later in childhood [106]. High birth 
weight is consistently positively associated with subsequent lean mass [63, 107-111], but 
associations with subsequent fat mass and central obesity are conflicting and less clear [63, 
72, 107, 108, 112-114] Furthermore, low birth weight and preterm birth have been linked to 
central obesity [63, 72, 107, 112]. Several studies have shown a positive relationship between 
birth weight and bone mass in children [101] and adults [115, 116], while associations 
between birth weight and bone measures in adolescence have varied [101, 117]. Recent data 
from Norway has revealed strong associations between birth weight and overweight/obesity 
at 7-8 years of age [118, 119]. However, the question remains whether birth weight is a 
significant predictor of adiposity at a later age.  
Our study population was born in 1992-1994, which represents a period with high mean birth 





Figure 4. Mean birth weight in Norway from 1990 through 2014.  
Figure 4 is from the report: “Children’s Health and the Environment – Risk and Health 
Promoting Factors, 2016” by NIPH [18]. Reprinted with permission. 
 
Mean birth weight is now back to at the same levels seen in 1980-1990. Maternal health, life-
style and smoking habits might be part of the explanation for this higher mean birth weight in 
1990-2005 [18, 120]. 
1.5 Childhood growth trajectories 
In addition to birth weight and overweight/obesity reports, different patterns of growth during 
infancy and childhood have been reported to be a risk of later overweight and obesity [105]. 
Rapid weight gain in infancy or early childhood as well as the adiposity rebound (a natural 
occurring second increase in body mass index between the ages of 3 and 7 years) have been 
suggested as critical factors in the development of overweight and obesity later in life [106, 
121-124]. Others have suggested that upward weight or BMI centile crossing at any age is a 
more precise indicator for predicting adiposity [121, 125]. 
Early growth in infancy compared to childhood growth may influence body composition at 
later stages in life differently. In some studies, weight gain later in childhood has been more 
strongly linked to adiposity measures [108, 109, 125-127], whereas rapid weight gain in 
infancy/early childhood has been more strongly linked to not only lean-/fat-free mass but also 
adiposity measures [63, 108-110, 113, 114, 125, 127-129]. Previous findings are not 




sophisticated measures of body composition in adolescence or adulthood [108, 127] The 
growth rate in childhood has also been linked to hip fracture risk in adulthood [130]. 
In this study, we had the unique opportunity to study if childhood growth was linked to 
DXA-measured body composition and bone mass in addition to changes in body composition 
during important years in late adolescence, on the cusp of adulthood. Previous studies on 
growth during childhood [108, 113, 116, 130, 131] might not be fully representative of the 
growth of children today due to the rapidly increasing prevalence of childhood overweight 
and obesity [17]. 
1.5.1 Underweight 
In light of the higher prevalence of overweight and obesity among children today, the main 
focus of this project was to explore how overweight/obesity in childhood and adolescence 
influenced outcomes measured in late adolescence. However, for bone health, previous 
studies have reported associations between underweight and low growth rate in childhood 
and later osteoporotic fractures [130, 132]. Although underweight is no longer a major health 
concern in Norway today, it is of interest to study if previous findings from earlier birth 
cohorts could be confirmed in relation to body composition and bone measurements. 
1.6 Hypotheses 
In the classic paper from 1977, Forsdahl [133] was one of the first to introduce the hypothesis 
that early life conditions during infancy, childhood and adolescence could provide an 
explanation for CVD disease and increased mortality later in life. He based the hypothesis on 
the observed associations between high infant mortality rate as an index of poor living 
conditions, and high CVD mortality [133]. Others, especially D. Barker, have further 
developed the foetal origins of adult disease hypothesis, suggesting that foetal undernutrition 
programs body tissue and metabolism and cause later CVD or other diseases [104, 134]. The 
term intrauterine programming is also used [87]. The foetal origins of adult disease 
hypothesis was later extended to the developmental origins of health and disease hypothesis 
[134, 135]. This hypothesis suggests that both undernutrition in utero, which emerges as 
growth retardation or low birth weight, and later growth patterns through infancy, and 
childhood are considered casual pathways underlying CVD, hypertension and type 2 diabetes 




Currently, concerns about health of children and adolescents are mostly focused on whether a 
high birth weight or overweight/obesity in childhood is a key factor that will contribute to 
disease later in life.  
Since 1997, the term life-course epidemiology has been used to describe studies on early life 
factors as determinants of later health or disease [135, 136]. Life-course epidemiology may 
be defined as: “the study of long-term biological, behavioural and psychosocial processes 
that link adult health and disease risk to physical or social exposures acting during gestation, 
childhood, adolescence, adult life or across generations” [135].  
The WHO Ad hoc Working Group on Science and Evidence for Ending Childhood Obesity, 
uses the term life-course model to illustrate causal pathways and potential opportunities for 
intervention on obesity in their latest report on overweight and obesity among children 
(Figure 5) [2].  
 
Figure 5. Life-course model of obesity and other non-communicable disease risk. 
Source: WHO Meeting Report: Nurturing human capital along the life course: investing in 
early child development. 2013 [2] Reprinted with permission from WHO. 
 
The intrauterine programming hypothesis, the developmental origin of health and disease 
hypothesis and life-course epidemiology serve as the theoretical background for our study. 
We hypothesized that high birth weight and higher BMI in childhood and adolescence would 
be positively associated with overweight/obesity, fat mass and bone strength measures in 




1.7 Rationale and aims 
The overall objective of the present Ph.D. project was to study weight-related issues in the 
context of a population born during a period with a high mean birth weight and a relatively 
high prevalence of overweight and obesity among Norwegian children and adolescents. 
Predictions indicate that lifestyle-related chronic illnesses will increase in the future, and may 
place a large demand on the health care system [137]. A concern is whether factors during 
birth, childhood and adolescence may imply a risk of adverse health effects later in life. 
Updated information on these issues is therefore important for health authorities and health 
care workers, who are planning preventive interventions to halt the overweight epidemic. In 
the White Paper: “Good health – a common responsibility” (Stortingsmelding 34, 2012–
2013) [137], the need for more research on public health issues in Norway was emphasized, 
and data providing a regional and local overview of the health status of the population were 
requested. In chapter 6, it is stated that: “the specialist health service also has a responsibility 
to develop knowledge and competence in collaboration with local authorities and other 
partners” [137]. The Act relating to public health (Lov om folkehelsearbeid 01.01.2012) 
[138] imposes local and regional authorities to provide information on population health and 
factors that affect public health in their area of responsibility. As a researcher at the 
University Hospital of North Norway (UNN), it is a goal that this study, conducted in close 
collaboration with UiT The Arctic University of Norway and local health authorities, should 
contribute to knowledge that may be helpful to local health authorities and health care 
workers. 
Effective treatment for obesity is challenging. Current treatment results for obesity in 
adolescents are moderate, especially for those with severe obesity [2, 31, 139] The early 
identification of children at risk is therefore important, as preventing or delaying the onset of 
obesity may influence future health [47, 46, 16]. However, the appropriate age at which to 
initiate preventive efforts has been a matter of discussion [140]. How early we can identify 
children at risk and if there is a critical age that is more influential on later body size, is 
therefore two questions of interest.  
The overall aim was to study how early life factors were related to overweight/obesity, body 
composition, and bone health in the important years of transition between childhood and 




1) if overweight and obesity tracks from birth and childhood to adolescence. 
2) the associations between birth weight and adolescent overweight/obesity, body 
composition, central overweight/obesity, bone mass, and bone density. 
3) the associations between childhood growth and adolescent body composition, central 
overweight/obesity, bone mass, and bone density. 
4) the associations between BMI categories in childhood and adolescent 
overweight/obesity, body composition, central overweight/obesity, bone mass, and 
bone density. 
5) if there are any gender differences in the associations between exposures and 
outcomes. 
The aims related to tracking (1), birth weight (2), and childhood BMI categories (4) as 
exposures and adolescent overweight/obesity as outcome are addressed in paper I. 
The aims related to birth weight (2), childhood growth (3), and childhood BMI (4) categories 
as exposures and adolescent body composition and central overweight/obesity as outcomes 
are addressed in paper II. 
The aims related to birth weight (2), childhood growth (3), and childhood BMI categories (4) 
as exposures and adolescent bone mass and density as outcomes are addressed in paper III. 





2 Material and methods 
2.1 Study design and study population 
The present thesis utilizes data from both surveys in the population-based Fit Futures cohort, 
TFF1 and TFF2. In this observational study, we retrospectively collected supplementary data 
from the Medical Birth Registry of Norway (MBRN) and childhood health records to obtain 
longitudinal data at five time points from birth until 18-20 years of age (Figure 6). 
 
Figure 6 Timeline of data collection in the Fit Future cohort and the present study 
 
The Tromsø Study is a population-based cohort study with seven repeated health surveys 
from 1974, with the latest survey performed in 2015/2016. The participants in the Tromsø 
Study were invited from specific age groups in the adult population of Tromsø municipality. 
At the start, the primary aim of the Tromsø Study was to determine the reasons for the high 
mortality of cardiovascular disease, which was particularly high in North Norway, and to 
develop ways of preventing heart attacks and strokes. The study has gradually expanded and 
currently covers a broad range of diseases and purposes [141]. The Fit Futures study is the 
youth cohort of The Tromsø Study, and the first data collection took place in 2010/2011, with 
a follow-up in 2012/2013 [1]. UiT The Arctic University of Norway, is responsible for the 
Tromsø Study, and the Fit Futures study was organized in collaboration with UNN and 
NIPH. 
All first-year students in Tromsø and neighbouring municipalities attending the eight upper-
secondary schools in Tromsø and Balsfjord in 2010/2011 were invited to TFF1. A total of 
1117 students were invited, and 1038 participated in TFF1, yielding a participation rate of 
92.9%. A thorough presentation of the TFF1 cohort has previously been published [94]. The 
follow-up study, TFF2, invited all third-year students from the same schools. All participants 
from TFF1 were re-invited. In TFF2, 820 individuals participated, of which 132 were new 




In this thesis, we used data from 961 participants in TFF1, of which 51% were boys. 
Participants 18 years or older in TFF1 (n=77) were excluded since they were not considered 
to be in the core age group of this study. Of the 961 participants, 659 had repeated 
measurements of height and weight, and 655 had repeated DXA-scans in TFF2. A total of 
913 participants had birth weight recorded in MBRN, and 736 and 678 had height and weight 
measures at 5-7 and 2-4 years of age, respectively, recorded in childhood health records. A 
flowchart (Figure 7) shows the selection of the Fit Future cohort and the study population 
used in this thesis. Due to different missing patterns of main exposure and outcome variables 
as well as different strategies used to handle missing data, the number of subjects used in the 
analyses in the three papers, differs somewhat. For a detailed description of the missing data 
and multiple imputations to handle missing data, see section 2.5.1. A detailed description of 
the numbers used in the analyses is also given in each paper. 
2.1.1 Age terms used 
Participants in our study population were born in 1992-1994, with the majority born in 1994. 
The median age at the time of measurement in TFF1 was 16.6 years, with a range: of 15.7 to 
17.9 years, and in TFF2 was 18.6 years, with a range of 17.8 to 20.1 years. The term 
adolescents and adolescence are used interchangeably throughout this thesis, describing both 
ages. Adolescence is defined by the WHO as ages between 10 and 19 years [142], whereas 
children and adolescents are defined by Statistics Norway as ages under 18 years [18]. For 
clarity and to separate the age groups, the age for the outcome measures in TFF1 and TFF2 is 
denoted 15-17 and 18-20 years of age, respectively, or 15-20 years combined. In addition, the 
age in TFF1 is also denoted 16.5 years in papers II and III.  
The exact age at the time of the recorded measurements in the childhood health records 
varied; one median age was 2.5 years, ranging from 1.9 to 4.5 years, and the other median 
age was 6.0 years, ranging from 5.0 to 7.6 years.; therefore, for clarity and to separate the age 













The present study, TFF1 and TFF2, was performed in accordance with the principles of the 
Declaration of Helsinki [143] and the Health Research Act [144]. The Regional Committee 
for Medical and Health Research Ethics, North Norway (REC North) approved TFF1 
(2009/1282), TFF2 (2011/1702), as well as the present study (2014/1397) (Appendix 3). The 
Norwegian Data Inspectorate approved TFF1 27.07.2010 (Ref. 07/00886-7/CGN) and TFF2 
31.10.2012 (Ref. 07/00886-15/EOL). 
Broad consent was obtained in TFF1 and TFF2, according to the approval by REC North and 
the Health Research Act. Information regarding additional data collection from childhood 
health records and linkage to MBRN was included in the information leaflet used in both 
surveys (Appendices 4 and 5). All students received written and oral information and signed 
the consent form prior to any study-related procedures. For students younger than 16 years of 
age in TFF1, additional consent was obtained from their parents/guardians. The participants 
were compensated for their travel expenses with a gift voucher of 200 NOK.  
2.2.1 Data management 
Height, weight and other health data are sensitive data, and adequate and secure data 
handling are of the utmost importance to maintain the participants’ confidence in 
participation in research [145]. Therefore, no separate data will be presented at the 
municipality level to avoid re-identification. All data have been handled and stored de-
identified with a unique study code per subject and according to the procedures for secure 
archiving of research data at UNN. Long-term storage of data is handled through the 
approved data bank for the Tromsø Study. More information of data management during data 
collection in the present study is provided in section 2.3.1 and 2.3.3. 
2.3 Supplementary data collection 
2.3.1 Data from the Medical Birth Registry of Norway (MBRN) 
The MBRN, managed by NIPH, is a national health registry containing information about all 
births in Norway [146]. Data in MBRN is collected from all maternity units by a standardized 
form [147] (Appendix 6). For the present study, we applied for and obtained access to data 




Norway was used to link data from MBRN with data from TFF1. A de-identified data file 
was created and handed out by MBRN and the data administrator of the Tromsø Study. 
Information on birth weight (g), length (cm), and gestational age (GA) (weeks), as well as 
some supplementary data on birth (caesarean section, twin births) and mothers (age, disease, 
diabetes), were obtained from MBRN. For the most part, birth weight, length and GA were 
used in the analyses in papers I-III. 
Data on BMI and smoking habits of mothers were not collected by MBRN in the relevant 
years for this study [147]. A total of 48 participants in TFF1 were missing birth weight from 
MBRN. We do not know the exact reason for this missing data. A plausible reason could be 
that the participants with missing data were born outside Norway and were adopted, or had 
moved to the Tromsø region later in childhood. 
2.3.2 Calculation of exposure variables based on data from MBRN 
Birth weight was divided by its standard deviation (SD) and was used as an exposure 
variable. Birth weight was divided into low (<2500 g), normal (≥2500-<4500 g) and high 
birth weight groups (≥4500 g) according to the WHO definition [120] which is presented in 
paper I. The ponderal index was calculated as birth weight (kg) divided by the cube of birth 
length (m) (kg/m3) and was divided into tertiles. BMI at birth was calculated as birth weight 
(kg) divided by the square of birth length (m) (kg/m2).  
Sex-specific birth weight and BMI standard deviation scores (SDS) were calculated using 
LMS-coefficients (L: skewness (Box-Cox power), M: median, S: coefficient of variation) 
corresponding to the Norwegian growth reference [14] and used in papers I and II. Sex-
specific birth weight and birth length SDS were also calculated according to GA and the 
British 1990 growth reference [148] and used as exposure variables in paper III. 
Growth status at birth was categorized as small for gestational age (SGA; <10th percentile), 
appropriate for gestational age and large for gestational age (LGA; >90th percentile) based on 
birth weight and GA and according to a sex-specific national reference standard of births 
during 1987-1998 [149]. 
A detailed description of the specific exposure variables from birth that were used in each 




2.3.3 Data from childhood health records 
A question regarding residency at the start of school (6 years of age) was included in the 
TFF1 questionnaire. This question enabled data collection from childhood health records in 
Tromsø and the four neighbouring municipalities; Balsfjord, Storfjord, Lyngen and Karlsøy. 
For practical reasons, data for the participants who grew up in other municipalities or abroad 
were not recorded (n=193 of 1038).  
The data collection was organized in cooperation with the administratively responsible public 
health nurses in each municipality. Since the data in childhood health records from this 
period mainly were recorded in paper format, the data were manually recorded and stored de-
identified in a study database. A separate list with names and personal identification numbers 
was used to secure data collection from the correct health record. Appropriate quality 
assurance measures were applied to avoid error during data collection from childhood health 
records.  
Measured height (cm), weight (kg), age (years, months), and date of measurements were 
retrospectively collected from childhood health records. According to guidelines, height and 
weight were measured in light clothing and without shoes. From 2 years of age, standing 
height is generally measured [150]. 
Regular health controls by public health nurses are offered to all children from birth through 
school age in accordance with national preventive health programme guidelines [150]. The 
health controls are voluntary, free and are generally known to have a high attendance rate 
[24, 25]. Length/height and weight measurements are included in the controls at some ages. 
In the relevant years, most children in these five municipalities had their height and weight 
measured at 2 and 6 years of age; therefore, data from these two target ages were collected. If 
data were missing for the exact age, or if a child had several measurements during the periods 
of approximately 2-4 years or 5-7 years, the measurement closest to the 2-year or 6-year 
birthday, respectively, was recorded.  
The reasons for missing data from childhood health records were measurements outside our 
pre-defined age limits (<2.0 and >8.0 years of age), change in residency during childhood 
and other unknown reasons. Since height and weight data were primarily collected for 
clinical purposes, not research, many children were measured closely before two years of 




percentage of missing BMI category from this time point (29%), since the IOTF reference 
starts at 2.0 years of age [13].  
2.3.4 Calculation of exposure variables based on data from childhood 
Based on the height and weight at each age, BMI was calculated as weight (kg) divided by 
the square of height (m) (kg/m2). BMI divided by its SD was used as a continuous exposure 
variable in paper I.  
Age and sex-specific BMI SDS were calculated at 2-4 and 5-7 years of age, using LMS-
coefficients corresponding to the Norwegian growth reference [14]. These variables were 
used in the analyses in paper I. Based on BMI, the participants were categorized into BMI 
categories. The details are shown in section 2.4.2.  
A detailed description of the specific exposure variables from childhood that were used in 
each paper is provided in section 2.5.3. 
2.4 Data from TFF1 and TFF2 
Trained study nurses at the Clinical Research Unit, UNN, collected data in both TFF1 and 
TFF2. The data collection in TFF1 and TFF2 consisted of the following: anthropometric 
measurements, clinical examination, self-reported data from electronic questionnaires and 
clinical interviews. All measurements were performed following standardized procedures. 
For this thesis, we applied and obtained access to demographic variables such as sex, age 
(years/months), and ethnicity as well as, anthropometric measures, data from DXA-scans and 
some supplementary variables from questionnaires and interviews. The following variables 
were used in the analyses presented in this thesis. 
2.4.1 Anthropometric measures from TFF1 and TFF2 
Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively, on an 
automatic electronic stadiometer/scale (Jenix DS 102, Dong Sahn Jenix, Seoul, Korea). 
Participants wore light clothing and no footwear or metallic objects. Based on the height and 
weight at each age, BMI was calculated (kg/m2). 
Waist circumference (WC) was measured to the nearest cm with a measuring tape placed 




their arms relaxed at their sides and with their weight evenly distributed across their feet. WC 
was measured twice, and the mean value was used in the analyses. A WC ≥80 cm for girls 
and ≥94 cm for boys was used to define central overweight/obesity in this thesis [16].  
2.4.2 BMI categories 
The participants were categorized into the following BMI categories: underweight, normal 
weight, overweight and obesity as described in Table 1 and section 1.1.1. BMI reference 
values for every half-year and the IOTF age- and sex-specific cut-off values were used for 
children 2-18 years of age [13] (Appendices 1 and 2). The WHO index for adults was used at 
age >18 years [7]. Due to a relatively small proportion of obesity, especially in childhood, the 
overweight and obese category was merged in some analyses, or an alternative categorization 
was used: underweight, normal weight, light overweight (corresponding to adult BMI ≥25 to 
<27 kg/m2) and severe overweight/obesity (corresponding to adult BMI ≥27 kg/m2).  
For comparison, BMI categories according to the WHO Child Growth Standards [10] and 
Growth reference 5-19 years [11] are presented in paper II, supplemental table S2. In paper I, 
the BMI categories are denoted as the weight class. A detailed description of the specific 
BMI categories that were used in each paper is provided in section 2.5.3. 
2.4.3 Body composition and bone mass measured by DXA 
Body composition, bone mass and bone density were measured by DXA (GE Lunar Prodigy, 
Lunar Corporation, Madison, Wisconsin, USA), using the appropriate mode for body size and 
performing the analysis with enCORE paediatric software version 13.4. Quality controls were 
performed on a daily basis according to the manufacturer’s procedure. DXA-scans were 
reviewed and re-analysed if necessary. Repeated measurements in TFF1 and TFF2 were 
performed on the same DXA instrument with the same protocol, and all measurements from 
the same wave were analysed by a single, trained investigator. A final quality control 
evaluation excluded 10 scans from the total cohort in TFF1 due to artefacts (metal objects, 
etc.). DXA-scans were not performed if a possible pregnancy could not be excluded by a 
clinical interview and a pregnancy test. 
In this thesis, we used total body lean mass and fat mass, truncal, android, and gynoid fat 
mass, which were all measured in grams and converted to kg where appropriate. In addition, 




sided values of the total hip were used by default; however, in the case of missing data/errors, 
the right-sided values from both TFF1 and TFF2 were used.  
2.4.4 Calculation of outcome variables based on DXA data 
From the total body DXA scans, several outcome measures were derived. Fat-free mass was 
calculated as body weight (kg) minus fat mass (kg). The fat mass index (FMI; fat mass in kg/ 
height in m2) and the fat-free mass index (FFMI; fat-free mass in kg/ height in m2) were 
calculated [64]. FMI and FFMI are recommended over the frequently used percent fat mass, 
as they more correctly adjust for differences in height and lean mass [151]. The 
android:gynoid fat mass ratio (android fat mass (g) divided by gynoid fat mass (g)), which is a 
measure of abdominal fat, was also derived [108]. 
Sex- and age-specific FMI and FFMI standard deviation scores (SDS) were calculated 
according to a UK reference standard [64]. The change in FMI SDS and FFMI SDS between 
TFF1 (ages 15-17 years) and TFF2 (ages 18-20 years) was calculated as the individual FMI 
SDS/FFMI SDS at the latter measurement minus FMI SDS/FFMI SDS at the former 
measurement. These variables were used as outcome measures in paper II. 
The BMC and aBMD measures were converted to sex- and age-standardized internal z-scores 
based on the distribution of the study sample and used as outcome measures in paper III. 
2.4.5 Self-reported data from questionnaires in TFF1 
Information regarding pubertal maturation and physical activity was taken from self-
administered electronic questionnaires completed during TFF1 (Appendix 8).  
Pubertal maturation in girls was determined based on a question of age at menarche (years, 
months) and classified into three levels: early (menarche age <12.5 years), intermediate 
(menarche age 12.5-13.9 years) and late (menarche age ≥14.0 years) matured. Three girls had 
not started menstruating at the time of the survey; they were classified as late matured.  
Pubertal maturation in boys was based on the mean score of the pubertal development scale 
(PDS), which is a validated self-reported measure [152]. The boys rated four secondary 
sexual characteristics (height growth, facial and body/pubic hair growth, and deepening of 
the voice) on a scale ranging from 1 (not yet started) to 4 (complete), and the PDS-score was 




barely started (PDS: 2.0-2.9), underway (PDS: 3.0-3.9), and completed (PDS: 4.0). None had 
a score <2.0 in total mean score. The PDS questions were introduced after the start of the 
TFF1 study. Thus, (102) 21 % of the boys had missing PDS scores. 
Several instruments were used to measure physical activity in TFF1. We selected physical 
activity frequency measured through components of the validated WHO Health Behaviour in 
School-aged Children (HBSC) questionnaire [153, 154], which included the question: “If you 
are actively doing sports or physical activity outside school, how many days a week are you 
active?” Answers were given in six pre-defined categories: “never” (1), “less than once a 
week” (2), “1 day a week” (3), “2 to 3 days a week” (4), “4 to 6 days a week” (5), and 
“almost every day” (6). The answers were recoded into three categories of physical activity: 
“low” (1-2), “moderate” (3-4), and “high” (5-6). 
Pubertal maturation and physical activity were used as covariates in adjusted analyses. 
2.5 Statistical methods 
Statistical analyses, multiple imputations, and linear spline multilevel models were all carried 
out using Stata/MP 14.1 and 15.1 for Mac (Stata Corp, College Station, TX, USA). The level 
of statistical significance was set to two-sided p-values <0.05. 
2.5.1 Missing data and multiple imputation 
As explained previously, we experienced missing data from MBRN and childhood health 
records. In addition, 302-306 out of 961 (31-32%) participants were either lost to follow-up 
in TFF2 or were missing the outcome variables of interest (Figure 7). Significantly more boys 
(39.8%) than girls (22.6%), p <0.001, were lost to follow-up in TFF2.  
Of the 961 participants, six were missing outcome variables from TFF1, 48 (5%) were 
missing birth weight, 283 (29%) were missing height/weight at 2-4 years of age, and 225 
(23%) were missing height/weight at 5-7 years of age, leaving 47% of the study population 
with five complete measurements. There were also missing data in the covariates: 88 (9%) 
were missing birth length, 138 (14%) were missing GA, 102 (21%) boys were missing PDS, 
six (1%) girls were missing menarche age, and 11 (1%) were missing data on physical 
activity. Some participants had missing data in more than one variable. Due to the different 
selection of the study population eligible for analysis in each paper, the number and 




To avoid bias and maintain power, we chose to handle missing data by multiple imputation. 
In papers I and II, we imputed missing covariates and exposure variables from childhood, 
and, in paper I, missing birth weight was also imputed. In paper III, only missing covariates 
were imputed.  
Under the assumption of missing at random,, multiple imputations were performed using 
chained equations, generating twenty duplicate datasets [155]. A separate imputation model 
was set up for analyses in each paper, including the relevant outcome variables and all 
variables from the final analytic models. To increase the predictive power of the imputation 
models, auxiliary variables from all time points were included. Separate imputations were 
performed for boys and girls. Variables were imputed using linear regression for continuous 
variables and predictive mean matching (using 100 nearest neighbours) for variables that had 
a restricted range, e.g., the PDS. Pooled estimates from analyses of the 20 datasets are 
reported [155, 156]. 
2.5.2 Estimating growth trajectories using a linear spline multilevel 
model 
In papers II and III, we wanted to explore how growth between birth and age 2.5 years, as 
well as between consecutive ages was related to outcome measures at 15-20 years of age. 
Since the exact age at the recorded childhood measurements varied and we experienced 
missing data, we used a linear spline multilevel model fitted by the mixed command in Stata 
to estimate individual growth trajectories [157]. The regression model, also referred to as “the 
broken stick model”, uses a sequence of linear splines connected at “knot points” (connection 
points) at target ages to model the growth trajectory across time. This allows different linear 
slopes in different age intervals and different slopes between individuals [118, 157]. The 
model uses data from individuals and from the whole study sample to estimate person-
specific length/height (cm) and weight (kg) at the following target ages: 2.5, 6.0 and 16.5 
years, as well as individual growth trajectories (splines) between birth and age 2.5, and 
between consecutive ages. In our study, each participant had only one collected height/weight 
measurement at or around the target ages, and knot points were therefore placed at the 
median ages. In this case, the model estimated the most likely birth length as well as height 
and weight at 2.5 and/or 6.0 years of age when values were missing. Individual-level random 




trajectory [157]. Sex and an interaction term with sex and splines were included in the model 
to account for sex differences in growth trajectories across time.  
In a two-step process, model estimates of length/height and weight at target ages were used 
for further calculation of exposure variables: BMI, BMI SDS, BMI categories and growth 
rates. These exposure variables were further used in the statistical models to assess the 
relationship with the outcome measures in papers II and III.  
Length/height and weight growth rates were calculated as the change in cm/kg per year 
between two consecutive target ages, e.g., the predicted height at 16.5 years of age minus the 
predicted height at 6.0 years of age divided by 10.5 years. These variables were used in the 
growth models in paper III, comparing growth patterns in different age intervals up to the end 
of the growth period, conditioned on earlier size, and assess associations with the outcomes 
[157, 158].  
2.5.3 Statistical analyses 
Descriptive characteristics of the study population are presented as the mean and SD for 
continuous variables and numbers and percentages for categorical variables for boys and girls 
separately. Since both body composition and bone acquisition differ between boys and girls, 
especially in adolescence, statistical analyses were stratified by sex. In paper I, combined 
results are also presented for the main analysis. Statistical differences between groups were 
tested by an independent samples t-test for continuous variables and by the 𝒳" test for 
categorical variables. Since some of the body composition measures were slightly right 
skewed, correlations between continuous variables were assessed by Spearman’s rank 
correlation coefficient. ANOVA with Bonferroni correction for multiple comparisons was 
used to assess differences in the means between several categories.  
The normality of variables was checked by a visual inspection of histograms. Scatterplots 
were used to check for outliers and linearity between exposures and outcome variables. We 
controlled for homogeneity of variance, and model residuals were checked by visual 
inspections of histograms and plots. No assumptions were considered violated for the models 
presented in the thesis. Cross-product terms with sex and exposure variables were included in 






In paper I, the degree of tracking of birth weight and childhood BMI into adolescence was 
estimated as odds ratios (ORs) for being overweight/obese at 15-20 years of age. The 
outcomes were BMI categories at 15-17 and 18-20 years of age dichotomized as 
underweight/normal weight or overweight/obesity. 
Generalized estimating equations (GEE) were used to model our longitudinal data when the 
outcome was dichotomized [159, pp. 128-140]. Longitudinal data are correlated within the 
subject and in GEE analysis the dependency of the observations is accounted for by choosing 
an appropriate “working correlation structure” for the repeated measurements. The model 
produce a population averaged estimate [159, pp. 57-68, 128-140]. GEE with a logit link 
function and an unstructured correlation matrix were used to estimate ORs with 95% 
confidence intervals (CI). Exposure variables were analysed both as continuous and 
categorical variables: birth weight (per 1-SD increase), birth weight SDS, ponderal index in 
tertiles, BMI (per 1-SD increase), BMI SDS and BMI divided into four categories at 2-4 and 
5-7 years of age. In addition, due to the small proportion of obesity in childhood, an 
alternative approach with three BMI categories was tested: light overweight and severe 
overweight/obesity compared to underweight/normal weight.  
Potential confounders from MBRN and TFF1 were tested, and both crude and adjusted 
models are presented. 
Paper II  
The main outcomes in paper II were body composition measures at 15-20 years of age: FMI 
SDS, FFMI SDS, and android:gynoid FMR. In addition, WC was dichotomized as central 
overweight/obesity or not, FMI was dichotomized as < or ≥1.0 SDS and used as outcomes. 
Exposure variables in the main analyses were birth weight and ponderal index per 1-SD 
increase, growth status at birth: being born small, or appropriate or large for GA. In addition, 
BMI categories at 2.5, 6.0 years of age were dichotomized as underweight/normal weight and 
overweight/obesity. BMI at 16.5 years of age were divided in four categories: underweight, 
normal weight, light overweight and severe overweight/obesity. In the analyses of childhood 
growth in this paper, the BMI gains between birth and age 2.5, and between consecutive ages 




Linear mixed models [159] were used to assess associations between exposure variables and 
repeated measures of body composition as continuous outcomes at 15-17 and 18-20 years of 
age. Our data have a two-level structure were repeated observations are clustered within 
subjects. To account for the clustering of the observations, we used linear mixed models with 
only a random intercept on the subject level. In the model, correction for the clustering are 
carried out by estimating the variance of the intercepts and adding this to the longitudinal 
regression model. However, only the fixed effects are reported [159, pp. 69-85]. GEE were 
used in the analysis of binary outcome variables (see 2.5.3 paper I).  
A conditional growth model [158, 160] was used to assess the impact of BMI gain in 
different age intervals related to the outcomes. In a conditional growth model, growth 
measures are adjusted for prior body size. Accordingly, standardized residuals were obtained 
by multiple linear regression analyses of BMI SDS at all target ages regressed on prior BMI 
SDS. These residuals were used simultaneously in linear mixed models with FMI SDS, FFMI 
SDS and android:gynoid FMR as outcomes. Standardized beta coefficients are reported for 
FMI SDS and FFMI SDS. This index of growth is statistically independent of body size at the 
start of each growth period and adjusts for both catch-up growth and regression to the mean 
[160]. This approach asks a prospective question: for each child, is he/she growing more than 
expected, given his or her body size at the start of the growth period, and how is this growth 
associated with the outcome measure? [158] 
Models were adjusted for potential confounding factors; birth weight was adjusted for GA, 
associations between BMI at age 2.5 and 6.0 were adjusted for height at the same ages, and 
BMI at age 16.5 was additionally adjusted for height, pubertal maturation and physical 
activity levels. All conditional growth models were adjusted for GA, pubertal maturation and 
physical activity levels. 
In a subgroup analysis of those with body composition measures from both TFF1 and TFF2 
(n=621), we used a conditional growth model to explore the relationship between BMI gain 
and changes in FMI SDS and FFMI SDS between 15-17 and 18-20 years of age. 
Paper III 
The main outcomes in paper III were bone measures: total hip and total body standardized 
BMC and aBMD scores (z-scores) at 15-20 years of age. Exposure variables were birth 




6.0 and 16.5 years of age. In analyses of childhood growth in this paper, the height (cm/year) 
and weight (kg/year) growth rate between birth and 2.5, 2.5 to 6.0, and 6.0-16.5 years of age 
based on the linear spline multilevel model were used as the exposure variables.  
Linear mixed models with a random intercept on the subject level (see 2.5.3 paper II) were 
used to evaluate the relationship between exposure variables and repeated BMC and aBMD 
z-scores as continuous outcomes. Both crude models and models adjusted for potential 
confounding factors are presented. Details of covariates used in the separate models, are 
described in the paper’s method section as well as in the tables in paper II. 
In the analyses of growth and in accordance with others [161, 162], the rate of length/height 
growth was conditioned on earlier body size, and weight gain was conditioned on earlier 
body size as well as concurrent height growth. Hence, this model asks the same prospective 
question as the standard conditional growth model used in paper II [158].  
Analysis of growth can be challenging, and several models can be used [157, 158, 160]. See 






3.1 Summary of paper I 
The association between birth weight and later overweight/obesity has not been established. 
The aim of this study was to investigate the relation between both birth weight and childhood 
BMI and adolescent overweight/obesity in a sample of 961 adolescents with repeated height 
and weight measurements at 15-17 and 18-20 years of age.  
The prevalence of overweight including obesity increased with age and was 14.0% and 18.5% 
in girls and 8.8% and 10.9% in boys at 2-4 and 5-7 years of age, respectively. At 15-17 and 
18-20 years of age, 20.6% and 20.9% of girls and 23.4% and 28.0% of boys were 
overweight/obese, respectively. The prevalence of obesity was <1.5% at 2-4 years and 
increased to 6.6% in girls and 8.1% in boys at 18-20 years of age. 
We found a statistically significant but modest association between birth weight and 
overweight/obesity at 15-20 years of age. In the adjusted analyses, a 1-SD (586 g) higher 
birth weight was associated with a 1.25-fold higher odds of overweight/obesity at 15-20 years 
of age (95% CI: 1.06 to 1.48). Being born small for gestational age was associated with lower 
odds of overweight/obesity at 15-20 years of age compared to those appropriate for 
gestational age, with an OR: of 0.40 (95% CI: 0.22 to 0.72).  
Childhood BMI was also associated with overweight/obesity at 15-20 years of age. A 1-SD 
(1.35 kg/m2) increase in BMI at age 2-4 years rendered an OR of 1.66 (95% CI: 1.40 to 1.96), 
and a 1-SD (1.83 kg/m2) increase in BMI at age 5-7 years rendered an OR of 3.23 (95% CI: 
2.56 to 4.07) for overweight/obesity at 15-20 years of age. Children with more severe 
overweight/obesity (corresponding to an adult BMI ≥27 kg/m2) had considerably higher odds 
of later overweight/obesity compared to those with light overweight or their normal weight 
peers, with an OR of 3.01 (95% CI: 1.47 to 6.18) and an OR of 11.51 (95% CI: 6.63 to 19.99) 
at ages 2-4 and 5-7, respectively. 
In conclusion, the association between birth weight and overweight/obesity at 15-20 years of 
age was modest. The degree of tracking of BMI from 2-4 and 5-7 years to adolescence was 
moderate to strong. Severe overweight/obesity at 2-4 and 5-7 years of age was a strong 




3.2 Summary of paper II 
Fat mass, fat-free mass as well as fat distribution are related to cardio-metabolic risk. This 
study aimed to explore how birth weight, childhood BMI and BMI gain were related to 
adolescent body composition and central overweight/obesity. A dataset with 907 subjects was 
used in the main analyses, and a subset of 621 subjects was used in the analyses of change in 
FMI and FFMI between 15-17 and 18-20 years of age. 
We found a weak but statistically significant association between birth weight and FFMI SDS 
at 15-20 years of age in both sexes and with FMI SDS only in girls. We did not find any 
indications that being born small for gestational age was associated with adverse levels of fat 
mass or central overweight/obesity.  
Greater BMI gain in each age interval from birth and up to 16.5 years of age, conditioned on 
prior body size, was associated with higher FMI, FFMI and central overweight/obesity. The 
strongest associations were seen in the age period 6-16.5 years; β coefficients of FMI SDS: 
0.67 (95% CI: 0.63 to 0.71) and FFMI SDS: 0.46 (95% CI: 0.39 to 0.52) in girls, and FMI 
SDS: 0.80 (95% CI: 0.75 to 0.86) and FFMI SDS: 0.49 (95% CI: 0.43 to 0.55) in boys were 
obtained. While greater BMI gain in early childhood, before 6.0 years of age, was more 
equally associated with both higher FFMI SDS and FMI SDS, greater BMI gain later in 
childhood was more strongly related to higher FMI SDS.  
In both sexes, overweight/obesity at 6.0 years of age was associated with significantly 
(p<0.001) higher odds of central overweight/obesity; an OR of 4.78 (95% CI: 3.05 to 7.48) in 
girls, and an OR of 5.56 (95% CI: 3.24 to 9.54) in boys, compared to being 
underweight/normal weight, were obtained. Both light and severe overweight/obesity at age 
16.5 years revealed considerably higher ORs for an FMI SDS ≥1.0 at 15-20 years of age. 
In addition, we present descriptive age- and sex-specific DXA-derived body composition 
measures for Norwegian girls and boys at age 15-20 years in this paper.  
In conclusion, compared to birth and early childhood, overweight/obesity at later ages, as 
well as greater BMI gain between 6.0 and 16.5 years of age are strong predictors of higher fat 




3.3 Summary of paper III 
The effect of birth weight and childhood BMI on adolescents’ bone parameters has not been 
established. The aim of this longitudinal, population-based study was to investigate the 
association of birth weight, childhood BMI, and growth with adolescent bone mass and bone 
density. A study sample with 633 adolescents with measurements from birth, childhood and 
adolescence was used in the analyses. 
In the crude analysis in both sexes, a statistically significant positive association with total 
body BMC was observed per 1-SDS increase in birth weight; β coefficients of 0.31 (95% CI: 
0.20. to 0.41, p<0.001) in girls and 0.13 (95% CI: 0.02 to 0.23, p=0.017) in boys were 
obtained. A higher rate of length growth, conditioned on earlier size, from birth up to 2.5 
years of age and a higher rate of weight gain from 6.0 to 16.5 years of age, conditioned on 
earlier size and concurrent height growth, revealed stronger associations with bone accretion 
at age 15-20 compared to other ages.  
Compared to being normal weight, overweight/obesity at 16.5 years of age was associated 
with higher aBMD z-scores: β coefficients of 0.78 (95% CI: 0.53 to 1.03) and 1.08 (95% CI: 
0.85 to 1.31) in girls and 0.63 (95% CI: 0.42 to 0.85) and 0.74 (95% CI: 0.54 to 0.95) in boys 
at total hip and total body, respectively, were obtained. Similar associations were seen for 
BMC. Overall, stronger associations were seen for total body than for total hip and with 
BMC than with aBMD.  
In conclusion, birth weight influences adolescent bone mass, but to a lesser degree than later 
growth and BMI in childhood and adolescence. Our findings did not indicate that 
overweight/obesity in childhood negatively affected bone mass accretion at total hip and total 






The overall aim of this thesis was to study how early life factors were related to 
overweight/obesity, body composition, and bone mass accretion in adolescence and whether 
any associations that may imply a future health risk were observed. Caution is required when 
interpreting results from a single observational study, and the validity of the study must be 
considered. Before we can draw conclusions, some important limitations and strengths of the 
study population, the design and methods as well as the results must be discussed. The 
question is whether chance, bias or confounding have distorted the associations that were 
observed? 
4.1 Methodological considerations 
The internal validity of a study refers to whether results and inferences drawn from the study 
are true for the study population. Validity may also be expressed as the opposite of bias [136, 
163, p. 128]. Bias may be defined as:  
“systematic deviation of results or inferences of truth. Processes leading to such 
deviation. An error in the conception and design of a study – or in the collection, analysis, 
interpretation, reporting, publication, or review of data – leading to results or conclusions 
that are systematically (as opposed to randomly) different from the truth” [136, p. 21]. 
In epidemiological studies of humans and health, errors are inevitable, but must be 
recognized and reflected on [164, pp. 83-86]. However, random error is not necessarily a 
problem in studies with large sample sizes and may be handled by proper use of statistical 
analysis. Systematic error, in contrast, may lead to bias. 
Potential threats to internal validity in epidemiological studies are often classified as selection 
bias, information bias and confounding [164, p. 85]. Potential threats to internal validity in 
the current study and how this has been handled will be discussed in the following sections. 
4.1.1 The study design  
A strength of this study is its longitudinal design, which utilizes a mixture of prospective and 
retrospective data from birth until 18-20 years of age based on the Fit Futures cohort. 
Longitudinal cohort studies are limited since they are costly and time consuming. In 




relatively rare conditions [163,pp. 108-109]. Retrospective data collection is therefore a 
convenient approach to shorten the time from collection of exposure data until outcome 
measurements and hence provide more up-to-date data on health conditions that may vary 
over time. However, lack of recorded information and missing data may hamper such a study 
compared to prospective data collection [163, p. 96]. Data collection from health registries 
and the reported high attendance rate at public health clinics minimized the risk of 
information bias. Hence, recall bias, which may be a problem in studies with retrospective 
data collection [163, p. 112] was not a problem in our study. Missing data from birth and 
childhood were not related to the outcome. The sensitivity analyses showed no significant 
differences in body composition measures in TFF1 between participants with missing birth 
weight and/or childhood BMI and those with no missing (paper II, supplemental table. S6). 
This cohort study is also prospective in the sense that the exposure variables (birth weight/ 
BMI in childhood) were measured before the outcome and hence allowed us to study 
associations between exposure and later overweight/obesity, body composition and bone 
measures in adolescence . The most important feature with the longitudinal study designs is 
the opportunity it provides to study the natural, individual development of disease or health 
status over time, e.g., tracking [159, pp. 6-7, 164, p. 15]. Longitudinal studies including 
children are also warranted since they allow the study of relationships between growth and 
later outcomes [6, 63, 85].  
Although the design is longitudinal, some of the performed analyses might be considered 
cross-sectional, since both the exposure and the major part of the outcome were measured at 
the same time point. The cross-sectional design provides the opportunity to measure the 
prevalence of diseases or other factors [164, p. 15], as in this case, the prevalence of 
overweight and obesity at different ages. The main limitation with cross-sectional analysis is 
that the time order of cause and effect cannot necessarily be determined [136, p. 64]. 
However, since we included both outcome measures at TFF1 and TFF2 in the mixed model 
and GEE analyses, a longitudinal relationship was assured. Overall, the retrospective data 
collection and the longitudinal design with data from birth until 18-20 years of age are 
therefore considered a strength of this study. 
4.1.2 Missing data and risk of selection bias 
The high attendance rate in TFF1 and the population-based design minimized the risk of 




region attend upper-secondary school [165], which was also the case in the relevant years for 
this thesis; this is an entitlement in Norway. However, since 31% of the participants were lost 
to follow-up in TFF2, in addition to the missing data from MBRN and childhood health 
records, the risk of selection bias was introduced. Selection bias may result in distortion of 
the estimated associations between exposure and outcome as a result of systematic bias in the 
selection of the study population or in systematic differences in characteristics of participants 
and non-participants in a study [136, p. 258, 163, pp. 134-135]. 
Due to the retrospective collection of exposure variables from birth and childhood, missing 
data were not dependent on the outcome. The results of the analyses of missing pattern and 
the sensitivity analyses between those with missing data from birth/childhood and those 
without missing data are presented in the supplementary files related to the papers I (table S3) 
and II (table S6). Drop-out analysis showed that significantly more boys than girls were lost 
to follow-up in TFF2. Girls who were lost to follow-up in TFF2 had slightly higher BMI in 
TFF1 and significantly (p<0.05) higher FMI, WC and android:gynoid FMR. Boys who were 
lost to follow-up inTFF2 had significantly (p<0.01) higher android:gynoid FMR in TFF1 
compared to those who participated in TFF2. No other significant differences in main 
outcomes in TFF1 were observed. 
We consider the risk of selection bias as limited; however, the risk should not be ruled out. In 
addition, we have handled missing data by the multiple imputation approach. 
4.1.3 Handling missing data 
Missing data is a frequent problem in cohort studies with several waves of data collection 
[166], which also occurred in our study. There has been no consensus on the best way to 
handle missing data. The most frequently used method, is complete case analysis [166, 167]. 
In two out of three papers, we chose to use multiple imputation to impute the missing 
childhood exposure variables. The main reasons for this approach were to avoid bias due to 
missing data, and to retain the sample size to increase precision and power. We assume that 
data are missing at random (MAR), but there is no method to test to be absolutely sure that 
data are missing at random based in terms of the observed data [155, 167]. We performed 
sensitivity analyses and repeated all main analyses in datasets with complete cases. In these 
analyses, similar results were obtained, which may serve as verification that the results from 




did not differ between those with and without missing data from birth and childhood, we 
chose to use a complete case dataset in paper III and only imputed missing covariates. There 
is no such thing as a perfect imputation model. However, complete case analyses may also be 
biased and may result in substantial loss of precision and power [155, 166, 167]. The multiple 
imputation approach is now a recommended and available statistical method for handling 
missing data [167]. We only imputed missing data in exposures and covariates, not missing 
outcome variables from TFF2, since missing not at random (MNAR) [167] cannot be ruled 
out. Imputed missing predictors are less prone to be biased if the reasons for the missing data 
are unrelated to the outcome [155, 167], as was the case in our study. 
We consider the risk of selection bias as limited and our efforts to handle missing data as 
appropriate and sufficient to judge that our estimates are not severely biased. As imputed 
values tend to have somewhat lower mean values, the reported prevalence of overweight and 
obesity from childhood might be underestimated and hence weaken the associations with 
outcome measures. 
4.1.4 Information bias and misclassification 
Information bias refers to systematic errors in the reporting or recording of data, 
measurement errors, or errors in the analysis and interpretation of data [136, pp. 149, 180, 
164, p. 88]. Data collection in both TFF1 and TFF2 was performed over a limited time (<1 
year) by a limited number of trained study nurses, following standardized study procedures 
for all measurements and calibration procedures for instruments to reduce intra-and inter-
observer variability and ensure valid, high quality data. This approach minimized the risk of 
measurement errors in data from TFF1 and TFF2 and hence reduced the risk of dependent 
misclassification of the outcome measures in our study. Misclassification refers to an 
erroneous classification of an individual or a value into a wrong category [136, p. 186], e.g., 
misclassification as overweight instead of normal weight. 
The validity of data from MBRN is reported to be very good, at least for the main variables 
used in our study: birth weight and GA [168]. GA from MBRN was determined by 
ultrasound examination, or the last menstrual period if ultrasound was missing. Still, errors in 
GA reporting are not unusual [149], and three implausible values of GA were set as missing 




Measurement error might be a bigger problem in the retrospectively collected clinical data 
since we do not know if they were measured under the same strict procedures and quality 
controls as those in the study. In addition, various instruments have been used. In our study, 
the childhood height and weight measurements were obtained from different health clinics 
using various scales and stadiometers. A simulation study of height and weight measurements 
in children by NIPH showed that the estimated prevalence of overweight and obesity 
increased systematically with increasing instrument error. This study concluded that failure to 
calibrate measuring instruments may lead to an overestimation of overweight/obesity and in 
the referenced study this corresponded to 0.5% higher prevalence of overweight/obesity 
[169]. However, the study also showed that instrument error might lead to either an 
overestimation or underestimation of actual weight or height [169], and potential 
misclassification bias in our study is assumed to be non-differential, affecting all children 
equally.  
Misclassification can be differential, depending on actual values of other variables and hence 
affecting subgroups unequally, or non-differential, which is classified as random with as 
many misclassifications in one direction or group as the other [163, pp. 138-145, 164, pp. 
103-108]. Non-differential misclassification in exposure variables may still be a problem and 
generally weakens the associations between exposure and outcome [164]. 
Measured height and weight from MBRN, childhood health records and TFF1 and TFF2 are 
a strengths of this study, compared to studies that must rely on self-reported values, which are 
known to be error-prone. When data are retrospectively collected, self-reported values may 
be affected by recall bias [163, p. 112]. This problem was avoided by the use of registry data. 
The accuracy, precision and reliability of measurements must also be considered under the 
heading of information bias and measurement errors. Accuracy may be defined as: “the 
degree to which a measurement or an estimate represents the true value of the attribute that 
is being  measured” [136, p. 3] and may be used as a synonym to validity. Precision may be 
defined as: “relative lack of random error” [136, p. 222]. A measurement can be accurate 
but not precise or vice-versa. Reliability may be understood as a quality that is sound and 
dependable. Reliability also refers to the degree to which the results obtained by a 
measurement procedure can be replicated, if performed under identical conditions [136, p. 




measures obtained by DXA-scans and the accuracy of BMI and WC as measures of 
adiposity. 
4.1.5 Accuracy and reliability of DXA-scans 
Several efforts were made to ensure valid and reliable body composition and bone 
measurements obtained from DXA-scans in TFF1 and TFF2. Repeated DXA measurements 
were performed using the same instrument with documented high precision [170-172]. The 
coefficient of variation (CV %; SD/mean x100) is a measure of precision/repeatability. In 
vivo, the densitometer CV for the DXA instrument in use has been estimated to be1.17% for 
total hip [170] which is  an outcome used in our study. The precision (CV) of lean mass and 
fat mass estimates of the Lunar Prodigy instrument have been reported by others to be <2.0% 
for total body and somewhat higher for regional estimates, up to 3.2% for truncal fat mass 
[171, 172]. Trained personnel performed the scans and quality controls; phantom calibrations 
were performed according to the manufacturer’s procedures, and all measurements from the 
same wave were analysed by a single, trained investigator.  
DXA-derived body composition measures have shown very good agreement (correlation 
coefficients 0.94-0.98 for fat mass SDS and fat-free mass SDS) with the 4-C model, which is 
regarded as the gold standard for measuring body composition [6, 64, 173]. Good agreement 
has also been found between DXA and CT measures of visceral adipose tissue [174]. 
Imperfect positioning of subjects on the scanning bed, technical artefacts such as metal 
objects, heterogeneity in soft tissue and variation in hydration status of fat-free tissue may 
affect the accuracy of DXA measurements [67, 92]. DXA is regarded to be more reliable in 
healthy adults with constant tissue hydration but is less accurate in leaner individuals with 
low fat mass [6, 173]. However, scanning performed by trained personnel and overall young, 
healthy study subjects should minimize the effect of such measurement errors.  
Measures of BMC and aBMD with DXA are proxy measures of bone strength [85]. There 
has been no clear consensus regarding whether BMC or aBMD should be the outcome of 
interest in studies of bone accretion in children and adolescents [85, 92]; hence, we have 
presented both measures. DXA is a two-dimensional technique that does not capture the 
depth of the bone and has known limitations to measure true volumetric bone density [85]. 
This size-related artefact might overestimate true bone density in larger bones and 




erroneously expressed in one sentence in paper III (page 11). Different size adjustments have 
been recommended, e.g., calculation of bone mineral apparent density (BMAD) or 
adjustment for bone area [85, 175, 176]. Nevertheless, we chose to use aBMD as an outcome 
since it was measured in late adolescence, and, in particular, it is frequently used. Moreover, 
aBMD eases comparisons with other previous studies of adolescents, in addition to 
comparisons of future studies. Despite its limitations, aBMD is the measure used to diagnose 
osteoporosis and is related to fracture risk [81] which is the clinical outcome of interest; 
therefore, it is of special interest.  
To handle these limitations, measurements were analysed using paediatric software. All 
analyses of body composition and bone outcomes were stratified by sex to eliminate size-
related artefacts that are dependent on sex. Sensitivity analyses excluding non-white 
participants did not affect bone parameters [94]. In addition, all analyses were adjusted for 
height, and statistical models at 16.5 years were additionally adjusted for pubertal maturation 
to minimize the effect of possible measurement errors. In summary, we judged the DXA 
body composition and bone measures to be valid, and they are feasible and safe solutions to 
use in adolescents. 
4.1.6 BMI, WC and FMI SDS as measures of adiposity 
Several studies have shown that BMI has high specificity and low sensitivity in predicting 
excess body fat in children and adolescents [6, 60-62, 177]. Nevertheless, BMI is the most 
frequent and convenient measure of overweight and obesity used in epidemiological studies 
[6, 65]. In paper I, we used BMI both as the exposure and outcome measure; however, in 
paper II, we utilized the DXA-derived measures of fat mass and fat-free mass as outcomes 
and could therefore evaluate the accuracy of BMI as a measure of adiposity. 
In both sexes, there were strong and significant associations between overweight and obesity 
at 16.5 years of age and higher FMI and android:gynoid FMR at 15-20 years of age (paper II, 
Table 2). Those with light overweight and especially those with more severe 
overweight/obesity had significantly and considerably higher odds of central 
overweight/obesity measured by WC and an FMI SDS ≥1.0 compared to those with normal 
weight. (paper II, Table 3). However, in individuals with the same BMI, the levels of FMI 





Figure 8. Levels of FMI and FFMI by dichotomized BMI categories  
 
Figure 8 shows the levels of FMI (kg/m2) and FFMI (kg/m2) within underweight 
(thin)/normal weight and overweight/obese girls and boys at 15-17 years of age. Red points 
indicate variation in FMI and FFMI in two individual girls and boys with the same BMI 
(kg/m2). The Tromsø study: Fit Futures (n=907) 
The diagnostic accuracy of the BMI classification used in this thesis [13] was evaluated by 
the calculation of sensitivity and specificity in our study population (n=907/625). The 
dichotomized BMI categories, the underweight/normal weight and overweight/obesity at age 
15-17 and 18-20 years, were used as test criteria, and fat mass index SDS ≥ or <1.0 at the 
same ages were used as the outcome (here, used as the true/definitive test). The results are 



























Table 2. Sensitivity and specificity of BMI categories to predict fat mass index SDS 





 15-17 years of age 18-20 years of age 
 Fat mass index SDS b  
BMI category a ≥1.0 <1.0 Total (n) ≥1.0 <1.0 Total (n) 
Overweight/obesity 76 16 92 63 10 73 
Under-/normal weight 7 340 347 10 257 267 
Total (n) 83 356 439 73 267 340 
       
Sensitivity c 76/(76+7) = 0.92 63/(63+10) = 0.86 
Specificity d 340/(340+16) = 0.96 257/(257+10) = 0.96 




 15-17 years of age 18-20 years of age 
 Fat mass index SDS b  
BMI category a ≥1.0 <1.0 Total (n) ≥1.0 <1.0 Total (n) 
Overweight/obesity 95 14 109 60 20 80 
Under-/normal weight 24 335 359 11 194 205 
Total (n) 119 349 468 71 214 285 
       
Sensitivity c 95/(95+24) = 0.80 60/(60+11) = 0.85 
Specificity d 335/(335+14) = 0.96 194/(194+20) = 0.91 
    a BMI categories according to IOTF age-and sex-specific cut-off values for children 2-18 
years of age. Overweight/obesity corresponding to adult BMI ≥25.0, normal weight 
corresponding to adult BMI <25.0 [13] 
b Fat mass index standard deviation score (SDS) according to UK reference data [64] 
c Sensitivity = a/(a+c) 
d Specificity = d/(b+d) 
 
Both the sensitivity and specificity of the BMI categories were high. In girls, the sensitivity 
was 0.92 and 0.86 at ages 15-17 and 18-20 years, respectively, and the specificity was 0.96. 
The corresponding values for boys were; as follows: sensitivity was 0.80 and 0.85 and 
specificity was 0.96 and 0.91 at ages 15-17 and 18-20 years, respectively.  
This finding indicates that the dichotomized BMI categories correctly identifies most 
adolescents who have excess fat mass (few false negatives) and also correctly identifies most 
adolescents who do not have excess fat mass (few false positives). However, it can of course 
be questioned whether an FMI SDS ≥1.0 is the correct cut-off to define excess fat mass or 
whether it is arbitrary or too low. The values over 1.0 SD are, however, also used as the 
definition of overweight also in a comparable study [78]. Furthermore, a clinically verified 
cut-off value to define adverse levels of adiposity in adolescents is yet to be established [69, 




developed from age- and gender-matched, genetically comparable populations obtained with 
comparable methods [74, 151]. Due to the lack of a DXA-derived body composition 
reference standard for Norwegian adolescents, the use of the British reference standard was a 
convenient option [64]. As shown in Table 1 in paper II, our study population was quite 
similar to the British reference population, with a mean FMI SDS of 0.23 and 0.06 at 15-17 
years of age, and 0.22 and 0.02 at 18-20 years of age for girls and boys, respectively. 
However, some imprecision in the calculation of body composition SDS, and some 
misclassification in the dichotomized variable might have occurred. 
Our judgement, in line with that of others [60, 61, 65, 177], is that BMI is a good proxy 
measure of adiposity at the group level. However, in an assessment of individuals, BMI alone 
should be used with caution. Individual levels of fat mass and fat-free mass may vary 
significantly within the BMI categories, as others have also shown [151, 179]. 
WC was measured twice, in according to standardized procedures, to minimize intra-observer 
variability. As reported in paper II, we found significant positive correlations between 
different measures of central overweight/obesity. WC was positively correlated with DXA- 
measured truncal fat mass with correlation coefficients ranging from of 0.77–0.83 in girls and 
0.85–0.88 in boys. Equal correlation coefficients were seen for WC and android fat mass 
(data not shown), and were somewhat lower for android:gynoid FMR and truncal fat mass. A 
gender difference in central overweight/obesity was observed with more than twice as many 
girls as boys classified with central overweight/obesity. This may, at least partly, be related to 
accuracy of the reference [16] and this should be further studied. In another study, WC 
showed both high sensitivity and high specificity in measuring truncal fat mass in adolescents 
[180]. Unfortunately, the analyses from our Lunar Prodigy instrument did not provide 
separate data for visceral and subcutaneous fat mass, which is a newer and more sophisticated 
feature. Newer studies have shown a stronger link between visceral fat and metabolic and 
CVD risk than traditional methods [174, 181]. However, WC and DXA-measured android fat 
mass have shown fair agreement with DXA-measured visceral fat mass [181]. 
4.1.7 Potential misclassification based on BMI 
The estimated prevalence of overweight and obesity may differ depending on the reference in 
use, especially in childhood [8, 19]. We consistently used the IOTF reference throughout this 




us to compare the prevalence rates in our study with those in other studies from Norway and 
other countries [8, 19, 20, 22, 24-26, 118, 119, 182, 58]. For comparison, prevalence rates 
were calculated according to both the IOTF reference and the WHO Child Growth Standards 
and Growth reference for 5-19 years of age [10, 11, 13], which was presented in paper II, see 
supplemental Table S2. As shown in Table S2, the estimated prevalence of 
overweight/obesity at 6.0 and 16.5 years of age was somewhat lower according to the IOTF 
reference than to the WHO reference. At 2.5 years of age, the overweight/obesity prevalence 
estimates based on the IOTF reference were considerable higher than those based on the 
WHO reference. Girls: 9.1% vs. 2.5%, boys: 6.4% vs 3.2% according to IOTF and WHO 
references, respectively. These are all well-known differences between the references, both 
due to difference in construction and the use of different source populations [12, 19, 20, 108].  
The predicted BMI values at the exact ages of 2.5, 6.0 and 16.5 years used in papers II and III 
were slightly but significantly (all, p<0.05) lower than the observed values, as shown in 
supplementary Table S4 in paper II and supplementary Table 1 in paper III. This result also 
affected the reported BMI categories and prevalence rates to some extent. Hence, the 
percentage of overweight/obesity varies slightly with the subgroups and methods used in the 
three different papers. 
The use of a reference with high specificity, such as the IOTF reference, might underestimate 
the true prevalence of overweight/obesity from 6.0 years of age but also achieves few false 
positives [8]. There is always a balance between high sensitivity (risk of more false positives) 
and high specificity (risk of more false negatives), and some misclassification errors are 
inevitable [164, pp. 178-184]. Non-differential misclassification in dichotomous variables 
will generally attenuate the estimated associations [164, pp. 105-107, 163, p. 143]. Hence, the 
result of misclassification errors in this study is most likely that the associations between 
overweight/obesity at 6.0 and 16.5 years of age reported in this thesis are somewhat weaker 
and that associations between overweight/obesity at 2.5 years of age are somewhat stronger 
than those we would have observed if we had used another reference or if no 
misclassification errors were present. 
Regardless of which reference is used to categorize participants into BMI categories, 
participants with the highest BMI will be in the highest BMI category, and participants with 
the lowest BMI will be classified as underweight [13, 19]. Where it was suitable, we used the 




compare those in the highest BMI category least prone to potential misclassification with 
those of normal weight and less severe overweight. In paper I, we also found that BMI used 
as a continuous variable showed the same pattern as analyses with BMI categories. In 
addition, analyses of growth in papers II and III supported the associations obtained with 
BMI categories. Overall, this approach justifies the interpretation of the results from analyses 
with BMI categories based on the IOTF reference. 
4.1.8 Validity of covariates 
Of the covariates measured in TFF1 used in this study, pubertal maturation and physical 
activity levels were based on self-reported data using an electronic questionnaire. Self-
reported data are, in general, regarded as less accurate than measured data, but are often a 
practical choice in larger epidemiological studies. For sensitive information such as questions 
regarding pubertal status, an electronic questionnaire has advantages compared interviews or 
examinations since they are more anonymous [163, 183].  
The Tanner stages of puberty assessed by health professionals, are regarded as the gold 
standard for pubertal assessment [184, 185], but not available for the fit Futures cohort. In 
girls, pubertal maturation was based on questions regarding menarche age, which is a 
validated question with acceptable accuracy [186]. In boys, pubertal maturation was based on 
the PDS, which has been shown to be fairly reliable although is a somewhat approximate 
estimate [152, 184]. In our study, pubertal maturation was used as a covariate, and, in line 
with others, we consider these self-reported data to be sufficiently accurate for this purpose 
[185, 187]. 
We used the questions of physical activity frequency measured through the HBSC 
questionnaire [154]. Both reliability and validity of the HBSC questionnaire has been tested 
[188], also in Norwegian adolescents [153]. The authors concluded that the instrument had 
acceptable reliability and validity [153, 188]. Although the possibility of misclassification 
errors cannot be ruled out, we consider the physical activity frequency categories to be an 
acceptable measure as a covariate. 
4.1.9 Confounding and interaction 
Confounding might be defined as confuse or mix together and refers to a distortion of the 




factor (or factors), which explains all or part of the observed association. Confounding factors 
are associated with both the exposure and outcome (a common cause) [136, p. 55, 164, pp. 
93-96]. Unfortunately, neither the information on potential confounding factors known from 
other studies [2, 21, 57, 105, 106], such as the; mothers’ BMI and weight gain during 
pregnancy, smoking habits, parents’ education level and socio-economic status, nor the 
participants’ physical activity levels, nutrition and other lifestyle factors in childhood were 
available from MBRN or the childhood health records. By an omission, birth order was not 
collected from MBRN. Hence, only a limited number of confounding factors were tested and 
included in the models. The inclusion of other potential confounding factors from birth and 
childhood might have improved our statistical models and most likely reduced the estimated 
associations to some extent.  
There are two ways of handling potential confounding in statistical analyses: stratification or 
adjustment. Age, sex and height were considered the most likely confounding factors 
available in our study; hence, all analyses were stratified by sex. Birth weight was adjusted 
for GA. In paper I, age was included in the multivariable analyses. In papers II and III, we 
used the predicted values of the exposure at exact ages so that measurement age did not differ 
between the subjects (another method to adjust for values measured at different ages). In 
addition, birth length and height were tested in the models in different ways. From TFF1, 
more covariates were available. Based on relevant literature and findings from other Fit 
Futures studies [94], height, pubertal maturation, and physical activity were considered the 
most important confounding factors and were therefore included in the analyses of exposures 
at age 15-17 years to adjust for potential confounding. There is a balance between the 
comprehensive adjustment for several covariates and the risk of overadjustment bias with 
loss of power [189]. Thus, only covariates considered necessary have been included, but 
whether the models are too simplistic as a result of this choice is a point of discussion.  
Interaction or effect modification may be defined as: differences in the effect measure for one 
factor at different levels of another factor [136, pp. 90 and 152]. This refers to both the 
underlying biological factors as well as a statistical interaction [136]. Potential interactions 
between sex and exposure variables were tested by including product terms in the main 
statistical models used in all papers in addition to presenting results stratified by sex. Due to 




interaction between BMI and levels of physical activity. Testing this potential effect modifier 
would have elaborated our results. 
4.1.10 Statistical modelling 
There were several challenges in choosing the appropriate statistical models to analyse our 
longitudinal data. Analytical problems are recognized and debated in the field of life-course 
epidemiology [190]. 
First, missing data were handled with multiple imputation to minimize bias and retain an 
adequate sample size for each research question to keep precision at an acceptable level. 
Second, adjustments for potential mediators were considered. Adjusting for potential 
mediators such as current or intermediate body size, e.g., BMI in childhood or adolescence, is 
controversial and is now, generally, not considered correct when analysing the foetal origin 
of the adult disease hypothesis [160, 189, 191, 192]. A mediator may be defined as:  
“a variable that occurs in a causal pathway from a causal (independent) variable to an 
outcome (dependent) variable. It causes variation in the outcome variable and itself is 
caused to vary by the original causal variable. Such a variable will be associated with 
both the causal and the outcome variable” [136, p. 152].  
Adjusting for later body size when studying the effect of earlier body size might be seen as a 
measure of change in body size between the timepoints and an alternative hypothesis, that 
later growth is equally or more influential on the outcome, must be considered [191]. 
Adjusting for mediators, treating them as confounders, are considered an overadjustment and 
generally will bias results towards the null or even reverse the estimated effect [189, 192]. 
Directed acyclic graphs (DAGs) were used as a practical and visual aid in the discussion of 
choosing variables that should be included in the statistical models [163, pp. 186-209, 189]. 
In addition, unmeasured potential confounding and mediating factors discussed in section 
4.1.9, e.g., physical activity levels in childhood, constituted an extra challenge. Alternative, 
more sophisticated statistical approaches to analyse direct and indirect effects of birth weight 
and later body size on outcome measures was therefore not an option [192]. Therefore, 
generally, no adjustment was made for mediators in the models since an unbiased estimate 
could not be assumed [189]. As an alternative approach, we modelled growth to assess the 




Modelling of growth is challenging since there are several different statistical models in use 
[118, 157, 158, 160, 190, 193]. We have used both a linear spline multilevel model in paper 
III and in addition, the more commonly used conditional growth model in paper II. Linear 
spline multilevel modelling [157] was used to predict length/height and weight at exact ages 
in childhood and estimate individual growth trajectories. This is a simplification of the actual 
growth trajectories. However, this is a particularly useful method to address challenges such 
as irregular measurement schedule, data from different sources, measurement errors, and 
missing values [157, 158]. The model estimates of growth rates in different age intervals can 
be used directly to explore associations between childhood growth and later outcomes [157], 
and this was done in paper III. In addition, a conditional growth model, which is a regression 
model with unexplained residuals, was used as a second step in the analysis of growth in 
paper II [160]. An advantage of this model is the use of a single model and this index of 
growth is statistically independent of body size at the start of each growth period and adjusts 
for both catch-up growth and regression to the mean [193]. The use of different growth 
models in this thesis might seem confusing. However, the two models are similar, and, in 
practice, they produced approximately identical estimated coefficients (results not shown). 
The interpretation of the results are the same in our study [158] and explores the influence of 
growing more than expected in different age intervals, given previous body size, upon the 
outcome [157, 158, 160]. The reasons for using two different models in papers II and III were 
mainly due to different traditions in the different disciplines, and hence different advice from 
co-authors and reviewers. 
GEE and/or linear mixed models were used in the main statistical analyses in all three papers. 
These models are the preferred choice in analysing longitudinal data, as they take into 
account that the repeated measures are correlated. These models are assumed to be robust to 
missing data, as all available data are used in the analyses, and cases are not excluded due to 
missing data [159, pp. 214-221]. In addition, GEE analyses provide a population-averaged 
estimate, which generally obtains lower and valid estimates when the outcome is 
dichotomous [159, pp. 137-138]. 
Overall, we consider the choice of statistical approaches to have given valid and reliable 




4.1.11 Summary of internal validity 
The longitudinal population-based design and overall high response rate indicates that the 
results obtained in this study are generalizable to the majority in the source population, 
although the risk of selection bias due to missing childhood data and drop-out at follow-up 
cannot be completely ruled out. High quality data from the Fit Future study combined with 
measured data from birth and childhood minimize the risk of information bias. However, the 
estimated prevalence rates of overweight and obesity in childhood might be somewhat 
imprecise. Although the statistical models could have been more comprehensive, we consider 
the associations reported to be valid and reliable estimates, and, overall, we regard this study 
to be valid. 
4.2 External validity 
External validity refers to what extent the results obtained in a study can be generalized to be 
valid in other populations or groups that did not participate in the study [136, p. 288]. 
Overall, we consider the results from this study to be fairly valid for the Norwegian 
adolescent population and for populations at the same age and with similar characteristics. As 
shown in paper II, the body composition measures in our study population were similar to 
those in the British reference population. However, some reservations must be made. 
Some uncertainty is related to the estimated prevalence of overweight and obesity, especially 
at 18-20 years of age due to the lower participation rate in TFF2 than that in TFF1. Compared 
to other regions of Norway, the prevalence of overweight and obesity in our study population 
is somewhat higher at 15-17 and 18-20 years of age and might not be representative of the 
entire Norwegian adolescent population [22, 26, 182]. Compared to data from the Bergen 
Growth Study [79, 182], the mean BMI and WC in both girls and boys were considerably 
higher in our study cohort; however, compared to data from the Young-HUNT study, the 
mean BMI and WC were similar [58]. Hence, the age and sex-specific body composition 
reference data presented in paper II may not be representative of the entire Norwegian 
adolescent population. To the best of our knowledge, this is the first study to present DXA-
measured body composition reference data for Norwegian adolescents, and these data should 




Furthermore, the participants in the Fit Futures cohort were born in a period during which a 
higher average birth weight was observed in Norway and a birth cohort effect cannot be 
excluded [164, pp. 314-319]. The prevalence rates of overweight/obesity reported in our 
study are lower compared to data from the USA and southern European countries [19, 23]. 
Since our study population was mainly of white ethnicity, the data may not be representative 
of populations of other ethnicities. 
4.3 Discussion of results 
Epidemiology is commonly defined as the study of the distribution and determinants of 
health-related events, states, or disease frequency in specified human populations as well as 
the application of this knowledge to control the relevant health problems [136, p. 95, 163, p. 
32, 164, p. 3]. There is an ongoing debate regarding to what extent causal inferences can be 
drawn from epidemiological studies [163, pp. 5-31]. Disease variation can be described and 
causes may be explored, although difficult due to the complex natural history of most health 
problems and diseases. Furthermore, analysis of health problems and disease variation might 
generate hypotheses on causes and environmental risk factors and knowledge from 
epidemiological studies are important for planning prevention efforts and resources needed 
[164, pp. 16-17 and 157-160]. The results presented in this thesis are mainly observed 
patterns of associations, and no conclusions on causality can be drawn.  
The common exposures, birth weight, childhood BMI, and growth, are key links among the 
three papers presented in this thesis. The discussion will therefore focus on the observed 
associations of these exposures with the outcomes in adolescence and are organized 
according to the aims presented in section 1.7. The aim related to gender differences will be 
discussed under each of the other four aims. 
4.3.1 Tracking overweight and obesity 
In paper I, we studied the tracking of high birth weight and BMI in childhood until 
adolescence. We found a significant but modest association between birth weight and 
overweight/obesity at 15-20 years of age. In a review by Brisbois et al. [105], birth weight 
was reported to be extensively studied (n=55). Both low and high birth weight showed mixed 
results with no clear conclusion that birth weight was an early marker of adult (18-50 years of 
age) obesity. Two other reviews found consistent associations between higher birth weight 




[123]. In two studies from Norway that included children born mainly in the years 2003-
2004, a stronger degree of tracking of body size was observed from birth until 7-8 years of 
age [118, 119]. Since tracking coefficients are influenced by time between measurements 
[45], the lower tracking coefficients over longer timespans, as was observed in our study, 
could be an explanation for the differences observed. However, a birth cohort effect cannot 
be ruled out. A recent published large cohort study showed that the majority of children with 
high birth weight tended to revert to normal weight in infancy and maintained a normal 
weight until eight years of age [194]. 
Among those classified as overweight/obese at 15-17 years of age, the mean birth weight and 
mean BMI were higher during childhood compared to those of normal weight at 15-17 years 
of age (paper I, Table 3). The tracking of BMI and overweight from childhood to adolescence 
was moderate. This finding is in line with the results reported in previous reviews, which also 
concluded that the tracking of childhood weight status into adolescence or adulthood overall 
was moderate [6, 43].  
The modest degree of tracking of overweight/obesity from birth and 2.5 years of age is 
positive. The highest tracking coefficients were seen at 5-7 years of age. Furthermore, 
children with obesity or more severe overweight/obesity, at 2-4 and 5-7 years of age had 
considerably higher odds of later overweight/obesity compared to those with light overweight 
or their normal weight peers. This finding is in line with a previous review [105] and a large 
simulation study that predicted a higher relative risk of adult obesity with increasing BMI and 
age in childhood [195]. Hence, there are clear indications that the tracking of obesity is 
consistent from childhood until adolescence [23, 105].  
Furthermore, we observed that the prevalence of overweight/obesity steadily increased with 
age, with the highest prevalence rates observed at 18-20 years of age. An increase in the 
prevalence of overweight/obesity with age has been seen in other cohorts as well [23, 196, 
197], including other Norwegian cohorts [198, 199]. This finding is of concern since 
tracking, especially of obesity, from adolescence into adulthood has been reported to be more 
substantial [6, 43]. The main concern for future health is related to the consistently reported 
increased risk of adult disease for those with a stable and high BMI from childhood to 




4.3.2 Associations with birth weight  
The mean birth weight and the proportion with high birth weight were somewhat higher 
(4.5%) in our study population than those in national data from 1992-1994 birth records (3.7-
4.2%) [120].  
Although birth weight was a modest indicator of later overweight/obesity, it was 
significantly, however modestly, linked to higher FFMI in both sexes, and equally linked to 
higher FMI only in girls (paper II). The association between birth weight and fat-free mass 
later in life is consistent with findings from several other studies [63, 107-111, 113, 114, 
201]. In addition, in both sexes, a modest, but significantly positive association was seen 
between birth weight and total body BMC at 15-20 years of age (paper III). This result is in 
line with consistent findings of a link between higher birth weight and higher bone mass in 
adults [101, 115, 116], supporting the intrauterine programming of the skeletal [87]. 
However, no clear association was seen with aBMD. Also this finding in line with others 
[101, 115, 117]. 
A 1-SD (590 g) increase in birth weight was associated with somewhat higher odds of central 
overweight/obesity defined by WC and an FMI ≥1.0 at 15-20 years of age (paper II). Also 
this most clearly observed in girls. Similar estimated ORs were seen for birth weight and 
overweight/obesity defined by BMI in paper I. Analyses with the ponderal index as exposure 
confirmed the findings (papers I and II). Although birth weight has been consistently 
associated with overweight/obesity at different ages later in childhood [106, 123], 
associations between higher birth weight and fat mass later in life have been less consistent, 
and most studies have reported weak or no significant relationship [63, 72, 108, 110, 111, 
113, 114, 201].  
The gender difference observed in this thesis might be by chance. No statistically significant 
interaction between sex and birth weight was observed when a cross-product term was 
included in the statistical models. Stronger associations between birth weight and adiposity 
measures in girls have also been found by others [107, 109], while the opposite was seen in a 
Swedish study [114]. Overall, we did not find strong indications that a higher birth weight 
was related to adiposity in adolescence. Especially in boys, the observed associations might, 





Furthermore, low birth weight and being born small for GA have been linked to later obesity, 
especially central obesity [63, 72, 112, 202, 203]. However, we did not find any indications 
that low birth weight was associated with adverse levels of fat mass or central 
overweight/obesity. Being born small for GA was associated with lower odds of 
overweight/obesity at 15-20 years of age (paper I) and lower odds of central 
overweight/obesity and an FMI ≥1.0 (paper II) compared to those born appropriate for GA. 
Hence, we could not confirm previous findings of a higher risk of central obesity related to 
low birth weight. This was a somewhat surprising finding, and our results should be 
interpreted with caution. The proportion born small for GA was low, 9.8-10.8% and 11.1-
12.6% in boys and girls, respectively, depending on the study population used in each paper. 
However, others have claimed that earlier findings of a relation between small for GA births 
and later adiposity may be due to overadjustment for causal mediators such as current body 
size and reported similar results to ours [192]. Others have also shown that postnatal weight 
gain was more influential than low birth weight on later total body and abdominal fat mass 
[110]. We did not study catch-up growth among those born small for GA specifically, as this 
was outside the scope of this thesis, hence we cannot elaborate this finding. A large Nordic 
cohort study with children born from 1924–1976 has linked both low birth weight and 
increased BMI at age 7 years to later CVD risk in adulthood. No increased CVD risk was 
found for children with a birth weight above 4.0 kg [204]. This study support the hypothesis 
of low birth weight as an independent risk factor for adult CVD but also shows that later 
growth and body size in childhood is influential on later CVD [104, 133, 134]. 
Our findings, in line with several others, support consistent evidence for a link between foetal 
growth and fat-free mass later in life, but evidence for fat mass and central obesity was 
weaker. In addition, a link between birth weight and later bone mass was confirmed. Since 
body composition as well as bone mass, to a large extent, are explained by genetic factors, 
this may not be surprising [51, 52, 84, 87]. In a review of twin studies, the heritability of BMI 
was found to be high, from 60-80% across ages, while the influence of varying 
environmental factors increased with age, up to 40% [52]. In addition, the relatively high 
mean birth weight in this cohort generally supports sufficient nutrition in utero to optimize 
growth and development. To test if later growth and body size was more influential than birth 




4.3.3 Associations with childhood growth 
In paper II, we found that childhood BMI gain in each age interval from birth and up to 16.5 
years of age, conditioned on earlier body size, was significantly associated with higher FMI 
SDS, FFMI SDS as well as higher android:gynoid FMR at 15-20 years of age. The magnitude 
of the associations increased with age and greater BMI gain between ages 6.0-16.5 years of 
age was most strongly related to higher fat mass in adolescence.  
This finding indicates that centile crossing is more “obesogenic” at later ages, which is a 
finding that is supported by several other studies [108, 109, 121, 125-127, 195]. We observed 
strong associations between greater BMI gain between 6.0 and 16.5 years of age and higher 
android:gynoid FMR at 15-20 years of age. This is in concordance with findings from a 
Swedish study [126], which showed that the amount of subcutaneous and, especially, the 
visceral adipose tissue in young adult men was associated with increasing BMI during 
adolescence. In contrast, a rapid weight gain in early infancy and up to 2 years of age has 
consistently been linked to overweight/obesity later in childhood or adolescence [105, 106, 
123, 124]. However, fewer studies have linked childhood growth to measures of body 
composition later in life. In our study, greater BMI gain in early childhood, especially from 
birth to 2.5 years of age, was positively associated with both higher FMI and FFMI at 15-20 
years of age and the magnitude of the associations were similar. This is in line with others 
that have observed similar or stronger associations of infant growth with later lean mass than 
with fat mass [63, 109, 110, 125, 129]. 
A question of interest was if there was a critical age interval that was more influential on later 
body size than others. Our growth models are independent of previous growth and body size 
at the start of each period and the standardized coefficients of FMI and FFMI SDS may be 
compared [158, 193]. We observed that associations with fat mass and central obesity 
measures at 15-20 years became stronger for each age interval, so a clear critical age was not 
observed. However, a higher BMI gain than expected between 6.0-16.5 years, given the body 
size at 6.0 years of age was most predictive of a higher FMI and central obesity. Others have 
found that BMI changes between 2 and 6 years of age were most strongly associated with fat 
mass at age 15 [127] or overweight in young adulthood [205]. Based on large cohort studies, 
greater BMI gain later in childhood, in different age intervals from 2 years of age and 
onwards, as well as in adolescence, has been linked to an increased risk of CVD [131, 206, 




those with a rapid increase in BMI before the age of 5-7, may therefore be possible and of 
importance. However, later childhood and adolescence emerge as an age period where 
adiposity develops and is therefore of equal importance. 
A more novel finding in our study was that greater BMI gain in childhood and adolescence 
neither indicated a continued increase in FMI between ages 15-17 and 18-20 years, nor did 
we see a continued increase in FFMI between the same ages. This finding might indicate that 
body composition measures are stabilizing in the transition to young adulthood in our study 
population. However, these analyses were performed in a subgroup of the study population 
with complete measurements from both TFF1 and TFF2, and we cannot rule out the 
possibility of selection bias. Thus, this finding needs to be confirmed in further studies. 
In paper III, we observed that higher rates of length/height growth from birth up to 6.0 years 
of age were positively associated with bone mass accretion at 15-20 years of age, with a high 
length growth rate from birth to 2.5 years of age, showing the strongest associations with 
both total hip and total body BMC. Weight gain in each age interval was positively 
associated with all bone measures at 15-20 years of age. The magnitude of the standardized 
coefficients increased with age and a high rate of weight gain from 6.0 to 16.5 years of age 
showed the strongest positive associations with both bone mass and bone density at age 15-
20 years. In contrast, a high rate of height growth from 6.0 to 16.5 years of age displayed 
weaker or no associations with bone mass and negative associations with bone density at age 
15-20 years. Similar findings were seen for both sexes. The same pattern was seen by Kuh et 
al., who have studied bone strength in males and females at 60-64 years of age. Height 
velocity in early childhood showed stronger associations with aBMD than height velocity 
between 7-15 years, and the impact of weight velocity increased with age [208]. 
These findings correspond well with our findings that early childhood growth was more 
strongly related to fat-free mass in adolescence. Notice that fat-free mass is constituted of 
mostly lean mass but also of bone mass. Furthermore, a greater BMI as well as greater weight 
gain between the ages 6.0-16.5 years was positively linked to both fat-free mass, fat mass and 
bone mass. We know from other studies that both lean and fat mass are of importance for 
bone accretion, with lean mass being the most important contributor [102, 209], also shown 
in another study of the Fit Future cohort [210]. 




not yet clear. There are gender differences in the timing of skeletal growth which can be 
explained by pubertal development status, and probably not all, especially the boys in our 
study population, have reached final height. However, we know from another study of the Fit 
Futures cohort that there is a high degree of tracking of BMC, aBMD and height between 
TFF1 and TFF2 and that bone acquisition is levelling off. In particular, the girls may have 
reached an aBMD plateau at femoral sites [211]. In a population of young Swedes, Alwis et 
al. showed that peak hip BMC and aBMD was reached by 18 years of age in both sexes [76]. 
In addition, others have shown that there is a high degree of tracking of bone mass levels 
during childhood and adolescence, increasing with age [85, 212, 213]. This indicates that our 
findings to some degree may reflect adult bone levels [211]. The finding that a higher rate of 
height growth from 6.0 to 16.5 years of age revealed somewhat higher levels of BMC, but 
negative aBMD is not unexpected since height gain, especially during pubertal maturation, 
both influences BMC and bone size (bone area) and may, as a consequence, give lower 
aBMD if BMC does not increase proportionally more than bone area [84]. It is well known 
that linear growth peaks earlier than bone mass acquisition; however, this phase of bone 
remodeling and reduced bone strength is known to be transitory [73, 84, 214]. 
Compared to birth weight, height and weight gain in childhood showed stronger associations 
with both bone mass and bone density in adolescence. Others have also concluded that 
postnatal growth and weight gain are the main determinants of bone mass in childhood [215], 
as well as bone density in young adulthood [117]. 
How different patterns of childhood growth will affect future fracture risk, which is the 
clinical outcome of interest, remains unknown. Mikkola et al., who studied hip fractures in 
old age that were associated with growth in individuals born between 1934-44, found 
increased hip fracture risk in men, but not in women, related to increased height growth at 2-
7 years of age and BMI gain between 7-11 years of age [216]. We did not observe a negative 
effect on BMC and aBMD in adolescence related to growth in these age groups in our study 
population. One can therefore speculate if this might be related to different nutritional and 
environmental conditions in early life between different birth cohorts. 
The use of different metrics of growth and adiposity outcomes and the study of different age 
intervals make comparisons across studies somewhat challenging [193]. Overall, our findings 
coincide with the findings of others. Compared to birth weight, growth in early life were 




we have limited data from the childhood period it is not possible for us to elaborate how 
different early life nutritional factors, physical activity levels and other environmental factors 
known to affect childhood growth [2, 4, 85], contributes to our findings.  
4.3.4 Associations with BMI categories in childhood 
To complement the picture, we also explored how overweight/obesity as well as underweight 
was related to body composition and bone measures in adolescence. Our results in papers II 
and III related to BMI categories were largely in agreement with those found by analyses of 
growth. Compared to normal weight, overweight/obesity at each age were consistently 
associated with higher FMI and FFMI, central overweight/obesity as well as bone mass at 15-
20 years of age. In girls, the magnitude of the association between overweight/obesity at 2.5 
years of age and fat-free mass and fat mass was equal. In boys, overweight/obesity at 2.5 
years of age was more strongly related to higher fat-free mass than fat mass. At later ages, 
overweight/obesity was more strongly related to higher fat mass than fat-free mass.  
Similar to centile crossing, overweight/obesity seems to be more “obesogenic” at later ages. 
This outcome corresponds well with our finding of a larger degree of tracking of 
overweight/obesity from 5-7 years of age than earlier ages, and is in line with findings by 
others [195, 217]. In addition, more severe overweight and obesity (corresponding to an adult 
BMI ³27) were more strongly associated with higher FMI in adolescence than light 
overweight and normal weight. Hence, a BMI close to the cut-off values for overweight, 
require caution, especially in younger children, since the level of FMI and FFMI may vary 
within the same BMI. See also the discussion in section 4.1.6 about the accuracy of BMI. 
This finding is of clinical relevance for health care professionals working with children and 
adolescents. To rely on BMI alone to identify young children at risk for overweight/obesity 
might therefore not be suitable. Considering that several factors including dietary and 
physical activity habits as well as genetic and parental factors play a role in the development 
of overweight/obesity [2, 21, 22, 49, 57, 58, 106, 217], these factors should be taken into 
account in addition to BMI. Supplemental measures of overweight/obesity may also be 
considered, such as WC measurements. Although children at risk may be identified in early 
childhood, later childhood and adolescence emerge as an important period for development 
of overweight/obesity. Our data suggest that these periods are of equal importance as target 
ages for preventive efforts. As several studies have linked overweight/obesity in childhood 




Bjerregaard et al. concluded, overweight at 7 years of age was associated with an increased 
risk of type 2 diabetes only if it persisted until puberty or later ages [34]. As Figure 5 [2] 
illustrates, the plasticity for introducing effective interventions are largest in childhood and 
adolescence. 
We also observed that overweight/obesity was associated with higher BMC and aBMD in 
adolescence. Compared to normal weight, overweight/obesity at 6.0 and 16.5 years of age 
revealed between 0.5-1.1 higher z-scores for total hip BMC and aBMD at 15-20 years of age. 
The corresponding coefficients for total body were somewhat stronger. This seems to be a 
positive finding, since a 10% increase in peak aBMD is estimated to delay the development 
of osteoporosis in women by 13 years [218]. We could therefore not conclude that 
overweight/obesity in childhood was negative for bone mass accretion. However, we found 
indications of a non-linear relationship. The effect of increasing BMI at 16.5 years of age on 
both total hip and total body BMC and aBMD was levelling off when BMI exceeded 30 
kg/m2 (paper III, Supplemental Figures 1 and 2). The few obese adolescents in our study 
population limit our ability to draw firm conclusions.  
The relationship between overweight/obesity and bone mass and bone density are not settled, 
with both positive [96, 102, 219] and negative reports [97, 98]. In a recent review reporting 
consistent evidence for higher bone mineral density in overweight and obese children, 
longitudinal studies on the long-term impact were requested [96]. Our longitudinal study 
contributes to increased understanding of this topic. Some have shown an increased risk of 
fracture among overweight children [103, 100]. Others have pointed to the effect of a higher 
weight loading that might be site specific, with a larger effect in weight bearing sites such as 
the hip and spine, as this supports the notion of adaptation to mechanical loading [96, 98, 
102, 220]. Although our findings revealed somewhat larger effects on total body, than on 
total hip, this seems plausible. Higher total body bone density levels in overweight/obese 
children are also reported by several others [96]. We did not evaluate aBMD in the distal 
radius, which would have been relevant since overweight/obesity is linked to increased risk 
of forearm fractures [98, 100]. However, other factors might contribute to the increased 
fracture risk, such as greater forces involved in falls due to heavier weight [98]. 
Compared to normal weight, underweight in childhood and adolescence was consistently 
associated with lower levels of BMC and aBMD as well as lower fat-free mass at 15-20 




children and adolescents 7-19 years of age, both high and low levels of fat mass were 
associated with lower levels of bone strength measured by pQCT and DXA [221]. The low 
levels of bone mass and bone density observed in underweight children and adolescents, 
combined with the reported high degree of tracking of bone mass [211], this is a problem of 
clinical importance. In Norway and Western societies, under nutrition is rare and a concern 
belonging to the past; however, malnutrition could still be a problem which needs attention 
[2]. From a global perspective, there are still more children who are moderate to severe 
underweight than obese [17]. In our study population, the prevalence of underweight was less 
than 9% in adolescence, somewhat higher in childhood, and higher in boys than girls, 
according to the IOTF reference. Lean mass is consistently reported to be of high importance 
for bone mass accrual but also fat mass plays a role [98, 102, 209, 220, 221]. The reason for 
concern is that previous studies have shown an association between underweight in 
childhood and increased risk of hip fracture later in life [130, 132]. In addition, both high 
body fat and low fat-free mass have been shown to be independent predictors of all-cause 
mortality in adults [222]. Our findings support that early life factors, such as BMI, are of 
importance to achieve a high peak bone mass. Hence, maintenance of a healthy weight and 
adequate levels of physical activity to build and maintain muscle mass must be considered a 
well-documented advice to promote bone health in young people [84, 85]. 
As previously discussed in section 4.1.5, a limitation with the DXA technique is the 
possibility of overestimating aBMD in larger bones and hence underestimating aBMD in 
smaller bones [92, 91, 175]. Part of the effect might also be related to maturity. 
Overweight/obese children tend to enter puberty earlier than normal weight and underweight 
children, and peak bone mass accrual may occur earlier [98, 103]. Hence, part of the 
observed larger aBMD values related to growth and overweight/obesity can be explained by 
these factors. However, analyses were adjusted for concurrent height and pubertal 
maturation, and it seems unlikely that the observed strong and significant associations solely 
are related to size artefacts and earlier maturation. A consistent pattern with higher levels of 







In summary, our studies demonstrated a modest positive association between birth weight 
and overweight/obesity at 15-20 years. In both sexes, birth weight was most clearly linked to 
fat-free mass; an association with bone mass was also confirmed. However, compared to 
birth weight, a high childhood BMI and childhood growth rates were more influential on all 
outcome measures in adolescence. 
The tracking of BMI from 2-4 and 5-7 years until adolescence was moderate, with stronger 
associations observed at the latter age and for more severe overweight and obesity. This 
result was confirmed in the study of body composition.  
Greater BMI gain between 6.0 and 16.5 years of age were the strongest predictor of a high fat 
mass index and central overweight/obesity in adolescence. Hence, greater BMI gain was 
more “obesogenic” at later ages. 
Our findings did not indicate that overweight/obesity in childhood negatively affected bone 
mass accretion at total hip and total body; however, underweight was consistently associated 
with lower bone mass and bone density. 
The observed associations therefore confirmed our initial hypothesis, that early life factors 
are associated with later health-related outcomes. 
The early identification of children at risk of adverse levels of adiposity is therefore possible. 
However, all children at risk were not identified before 5-7 years of age, and, since later 
childhood and adolescence emerge as an important period for development of 
overweight/obesity, we conclude that these ages are of equal importance as target ages for 
preventive efforts. 
Preventive efforts should focus on a healthy weight development and promote physical 




6 Further perspectives 
This thesis focused on weight-related issues in early life and the relation with health 
outcomes in adolescence: overweight/obesity, body composition and bone health. This, fairly 
large, population-based study contribute updated knowledge on public health issues that are 
relevant also in Norway. It is our hope that this knowledge may be of help for health 
authorities and health care workers who are planning preventive interventions for the future. 
6.1 Possible implications for public health 
Childhood and adolescence represent a window of opportunity for lifestyle interventions to 
change the path, as shown in Figure 5 [2]. The findings from our study support that both early 
life and later childhood and adolescence, are of importance for later development of 
overweight/obesity as well as bone health and hence are important phases for intervention 
and prevention efforts. This is in line with the latest recommendations from WHO [2] and 
some preventive initiatives addressing these age groups are described in the White Papers 
related to public health, from the Norwegian government [137, 223]. 
The modest degree of tracking of overweight/obesity from birth and 2.5 years of age is 
positive. A “wait and see” approach, as suggested also by others [129, 194], seems sensible 
for overweight infants and toddlers. Later childhood and adolescence emerge as important 
age periods and preventive efforts should focus to a larger degree on these age groups.  
Not all children at risk of later overweight/obesity may be identified in early childhood or by 
BMI alone. Considering that several parental and environmental factors play a role in the 
development of overweight/obesity, a family approach in targeted prevention efforts is 
recommended. Preventive efforts should also focus on all children and environmental factors 
in the society so that not only individual-based life-style choices are considered but also the 
environment that such choices are made in. This approach is especially important to avoid 
“Victim-blaming” of young people in the best of intentions [224]. 
Both overweight and underweight may have adverse health effects. Sufficient maternal 
nutrition, maintenance of a healthy weight and physical activity levels through childhood and 
adolescence are important for maximizing the peak bone mass [84, 85]. 
It is of importance to highlight another part of the picture; the majority of the adolescents in 




in childhood and maintained a normal weight during adolescence. This contributes to an 
overall positive perspective for future health. 
6.2 Further perspectives for research 
The findings presented in this thesis may provide a basis for further studies. 
Whether our observations of childhood growth patterns associated with adverse body 
composition measures in adolescence will lead to a disease remains to be seen. Longitudinal 
studies on growth, body composition and adult disease risk are currently sparse, and follow-
up studies are warranted [6, 16, 32, 33, 63].  
The ideal body composition for young adults related to low disease risk, is not quite clear. 
The ideal balance between fat mass and muscle mass is yet to be established [69, 151, 178]. 
For instance, sarcopenic obesity is a concern in the elderly, but there is no consensus for 
young people [178]. The descriptive age-and sex-specific body composition data published in 
our study should be further compared with other Norwegian youth populations. 
Follow-up surveys of the Fit Future cohort are highly recommended, and a wave three is 
under planning. It would be of interest to see if our findings reported in this thesis could be 
confirmed over a longer timespan into adulthood. Further follow-up studies will provide 
opportunities to investigate how anthropometric and lifestyle factors in early life and 
adolescence may affect peak bone mass, body composition and disease risk in adult life. Firm 
knowledge of associations with “hard endpoints” may support preventive strategies which 
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ABSTRACT  
Background: Fat- and fat-free masses and fat distribution are related to cardio-metabolic risk. 
Objectives: To explore how birth weight, childhood body mass index (BMI) and BMI gain 
were related to adolescent body composition and central obesity.  
Methods: In a population-based longitudinal study, body composition was measured by dual-
energy X-ray absorptiometry in 907 Norwegian adolescents (48% girls). Associations 
between birth weight, BMI-categories, and BMI gain were evaluated by fitting linear mixed 
models, and conditional growth models with fat mass index (FMI, kg/m2), fat-free mass index 
(FFMI, kg/m2) standard deviation scores (SDS), central obesity at 15-20 years, and change in 
FMI SDS and FFMI SDS between ages 15-17 and 18-20 as outcomes.  
Results: Birth weight was associated with FFMI in adolescence. Greater BMI gain in 
childhood, conditioned on prior body size, was associated with higher FMI, FFMI and central 
overweight/obesity with the strongest associations seen at age 6-16.5 years: FMI SDS: β=0.67 
(95% confidence interval: 0.63, 0.71), FFMI SDS: 0.46 (0.39, 0.52), in girls, FMI SDS: 0.80 
(0.75, 0.86), FFMI SDS: 0.49 (0.43, 0.55), in boys.  
Conclusions: Compared to birth and early childhood, high BMI and greater BMI gain at later 





BMI, body mass index; FMI, fat mass index; FFMI, fat-free mass index; SDS, standard 
deviation scores; CVD, cardiovascular disease; DXA, dual-energy X-ray absorptiometry; 
TFF1, The Tromsø Study, Fit Futures 1; TFF2, The Tromsø Study, Fit Futures 2; GA, 
gestational age; SGA, small for gestational age; LGA, large for gestational age; MBRN, the 
Medical Birth Registry of Norway; WC, waist circumference; FM, fat mass; FFM, fat-free 
mass; FMR, fat mass ratio; IOTF, the International Obesity Task Force; PDS, pubertal 
development scale; WHO, World Health Organization; SD, standard deviation; GEE, 
generalized estimating equations; OR, odds ratio; CI, confidence interval; rs, Spearman’s rank 




Childhood and adolescent obesity is associated with increased risk of adult morbidity, 
especially cardiovascular disease (CVD) and diabetes type 2 (1-4). Prolonged duration of 
obesity is also a strong predictor of CVD and diabetes (5, 6). A moderate degree of tracking 
(maintenance of certain risk factors over time) of overweight and obesity from childhood to 
adolescence and adulthood has been reported (3, 7). Body mass index (BMI, kg/m2) is a 
common measure of overweight and obesity (3). However, childhood BMI might not 
accurately predict adverse levels of adiposity (3, 8), and children with the same BMI may 
have very different fat- and fat-free mass distribution (9).  
 
Body composition measurements e.g. by dual-energy X-ray absorptiometry (DXA), provide 
supplementary information regarding fat-, lean-, fat-free mass, and fat distribution (10). Such 
body composition indices, as well as waist circumference and other measures of central 
obesity, are regarded as better measures of cardio-metabolic risk than BMI (11-13), and have 
been linked to clustered CVD risk factors in European adolescents (14). 
 
Birth weight is used as a proxy for intra-uterine and maternal nutrition, and may indicate 
maternal, and environmental factors affecting foetal growth. Birth weight is consistently 
positively associated with subsequent lean mass (9, 15-19), but associations with subsequent 
fat mass, and central obesity are less clear (9, 15, 16, 20-22). Early postnatal growth, 
compared to childhood growth, may influence body composition later in life differently; 
weight or BMI gain later in childhood has been more strongly linked to adiposity measures (9, 
16-18, 21-25). However, previous findings are not consistent, and few larger studies have 
investigated associations between childhood growth and DXA measures of body composition 
in adolescence or adulthood (16, 25). The International Diabetes Federation has requested 
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more research into early growth, body composition and fat distribution among children and 
adolescents (13).  
 
Current treatment results for obesity in adolescents are moderate, especially for those with 
severe obesity (26). Early identification of children at risk is important, as preventing or 
delaying onset of obesity may influence future health (5, 6, 13). To identify if there are 
critical periods of growth during childhood and adolescence, we need more research into the 
relation between birth weight, childhood BMI gain, and body composition later in life (13, 
27).  
 
In this study, we present population-based body composition measures obtained by DXA in 
Norwegian boys and girls at 15-17 and 18-20 years of age. The aim of the study was to 
explore: i) how birth weight, childhood BMI and BMI gain were related to body composition 
measures and central obesity in late adolescence, and ii) if childhood BMI gain was related to 




The Tromsø Study: Fit Futures, a population-based prospective cohort study has been 
described previously (28). The cohort consists of adolescents from the Tromsø region, 
Northern Norway. Fit Futures 1 (TFF1) was conducted in 2010-2011 and 961 (92.9%) 
participants were in the core age group of 15-17 years (born 1992-1994). A follow-up study, 
Fit Futures 2 (TFF2), was conducted in 2012-2013 and re-invited all participants from TFF1. 
Trained study nurses at the Clinical Research Unit, University Hospital of North Norway, 
performed data collection, following standardized procedures. For this study, anthropometric 
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data from birth and childhood was retrospectively collected. Each participant’s unique 
personal identification number was used to link to the Medical Birth Registry of Norway 
(MBRN) and childhood health records. A sample of 907 girls and boys were eligible for 
analysis in the present study (Figure 1).  
 
The Regional Committee for Medical and Health Research Ethics, North Norway approved 
TFF1, TFF2 and the present study (Reference number: 2014/1397). All students, and 
parents/guardians of students younger than 16 years of age, gave written informed consent. 
 
Anthropometric data 
Information on birth weight (g), length (cm), gestational age (GA; weeks) was obtained from 
MBRN. GA was determined by ultrasound examination, or last menstrual period if ultrasound 
was missing. We calculated ponderal index (birth weight/birth length3; kg/m3). Growth status 
at birth was categorised as small for gestational age (SGA; <10th percentile), appropriate for 
gestational age and large for gestational age (LGA; >90th percentile) based on birth weight 
and GA, according to a national reference standard of births in 1987-1998 (29).  
 
Anthropometric measurements are part of regular health controls by public health nurses in 
accordance with national preventive health programme guidelines. We retrospectively 
collected height (cm), weight (kg), age (years, months), and date of measurements at target 
ages; 2 and 6 years, from childhood health records for children living in Tromsø and the 
neighbouring municipalities during childhood. The exact age of the participants at the time 
measurements were taken varied slightly; median ages: 2.5 (range: 1.9-4.5) and 6.0 years 
(range: 5.0-7.7).  
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In TFF1 and TFF2, height and weight were measured to the nearest 0.1 cm and 0.1 kg, 
respectively, on an automatic electronic scale/stadiometer (Jenix DS 102 stadiometer, Dong 
Sahn Jenix, Seoul, Korea). Participants wore light clothing and no footwear. Waist 
circumference (WC) was measured to the nearest cm with a measuring tape placed 
horizontally at umbilical level and at the end of a normal expiration. Subjects were standing 
with arms relaxed at sides and weight evenly distributed across feet. WC was measured twice 
and the mean value was used in the analyses. A WC ≥80 cm for girls and ≥94 cm for boys 
was used to define central overweight/obesity (13). Age at outcome measures in TFF1 and 
TFF2 are denoted 15-17 (median age: 16.6 range: 15.7-17.9 years), and 18-20 (median age: 
18.6 range: 17.8-20.1 years) years of age, respectively or combined as 15-20 years of age. 
 
Total body DXA scans were performed in TFF1 and TFF2 with the same DXA instrument, a 
GE Lunar prodigy (Lunar Corporation, Madison, Wisconsin, USA). Reported precision 
(Coefficient of variation) of the Lunar Prodigy instrument was <2.0% for total body measures 
(30). Lean mass, fat mass (FM), and bone mineral content were assessed and analysed with 
enCORE paediatric software version 13.4. Fat-free mass (20) was calculated as body weight 
minus FM. Fat mass index (FMI; FM in kg/ height in m2), and fat-free mass index (FFMI; 
FFM in kg/ height in m2) were calculated (10). Android:gynoid fat mass ratio (FMR; android 
FM (g) divided by gynoid FM (g)), a measure of abdominal fat, was also derived (16). Sex 
and age specific FMI and FFMI standard deviation scores (SDS) were calculated according to 
a UK reference standard (10). Change in FMI SDS and FFMI SDS between age 15-17 and 
18-20 years was calculated as the individual FMI SDS/FFMI SDS at the latter age minus FMI 
SDS/FFMI SDS at the first age. 
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Height and weight were used to calculate BMI (weight/height2; kg/m2) at each age. BMI SDS 
was calculated according to the Norwegian reference standard (31). Participants were 
classified into BMI categories using the International Obesity Task Force (IOTF) age- and 
sex-specific cut-off values for children 2-18 years of age (32). Due to a relatively small 
proportion of participants with obesity, it was not possible to analyse obesity alone. 
Therefore, in the main analysis BMI was dichotomised as normal weight (adult BMI <25 
kg/m2) and overweight/obesity (adult BMI ≥25 kg/m2). In addition, we used the following 
four categories; underweight (corresponding to adult BMI <18.5 kg/m2), normal-weight (adult 
BMI ≥18.5-<25kg/m2), light overweight (adult BMI ≥25-<27 kg/m2) and severe 
overweight/obesity (adult BMI ≥27 kg/m2). For comparison, prevalence rates according to the 
WHO Child Growth Standards and Growth reference 5-19 years are presented (33, 34). 
 
Covariates from TFF1 
Girls were categorised into three stages of pubertal maturation: early (<12.5 years), 
intermediate (12.5-13.9 years) and late (≥14.0 years), based on age at menarche reported in 
self-administered questionnaires. Pubertal maturation in boys was classified as barely started 
(PDS: 2.0-2.9), underway (PDS: 3.0-3.9), and completed (PDS: 4.0), based on the pubertal 
development scale (PDS), a validated self-reported measure. The boys rated four secondary 
sexual characteristics on a scale ranging from 1 (not yet started) to 4 (complete) and the PDS-
score was calculated as a total mean score of the four items (28, 35). None had a score <2.0 in 
total score. 
 
Physical activity frequency was measured through the validated WHO Health Behaviour in 
Schoolchildren questionnaire (36), which included the question: “If you are actively doing 
sports or physical activity outside school, how many days a week are you active?” Answers 
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were given in six predefined categories; “never” (1), “less than once a week” (2), “1 day a 
week” (3), “2 to 3 days a week” (4), “4 to 6 days a week” (5), and “almost every day” (6). 
The answers were recoded into three categories of physical activity: “low” (1-2), “moderate” 
(3-4), and “high” (5-6). 
 
Statistical analyses 
Sex specific characteristics of the study population are presented as means and standard 
deviations (SD) for continuous variables and numbers and percentages for categorical 
variables. Correlations between body composition and anthropometric measurements were 
explored by Spearman’s rank correlation coefficient (rs). 
 
Since age at childhood measurements varied, we used linear spline multilevel models fitted by 
Stata’s mixed command to estimate individual growth trajectories (37). “The broken stick 
model” (37, 38) uses data from individuals and from the whole study population to estimate 
person-specific length/height (cm) and weight (kg) with knots at target (median) ages: 2.5, 6.0 
and 16.5 years, and individual growth trajectories between birth and age 2.5, and consecutive 
ages. Individual-level random effects for intercept and slopes are estimated as each person’s 
deviation from the average trajectory (37). Sex and an interaction term with sex and splines 
were included in the model to account for sex-differences in growth trajectories over time. In 
a two-step process, birth length, birth weight, height and weight at target ages were estimated 
by the model and used to calculate BMI variables. 
 
The main outcomes in the present study were FMI SDS, FFMI SDS, android:gynoid FMR, 
and changes in FMI SDS/FFMI SDS between 15-17 and 18-20 years of age. In addition, FMI 
SDS and WC dichotomized, using the thresholds described above, were used as outcomes.  
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Exposure variables in the main analyses were birth weight per 1 SD, growth status at birth; 
being born small, appropriate or large for GA, in addition to BMI category at 2.5, 6.0 and 
16.5 years of age. We used linear mixed models with a random intercept on the subject level 
to explore associations between exposure variables and repeated measures of FMI SDS, FFMI 
SDS, and android:gynoid FMR at 15-17 and 18-20 years of age, as continuous outcomes. In 
addition, generalized estimating equations (GEE) with a logit link function and an 
unstructured correlation matrix were used in the analysis of binary outcome variables. We 
explored the odds (ORs) of having central overweight/obesity (WC dichotomized), or a FMI 
SDS ≥ 1.0 (vs. not) at 15-20 years of age related to the exposure variables. 
 
We used conditional growth modelling (39) to assess BMI gain between birth and age 2.5, 
and consecutive ages. In conditional growth models, growth measures are adjusted for prior 
body size. Accordingly, standardized residuals were obtained by multiple linear regression 
analyses of BMI SDS at all target ages regressed on prior BMI SDS (39). These residuals 
were used simultaneously in a linear mixed model with the outcomes. This index of growth is 
statistically independent of body size at the start of each growth period, and adjusts for both 
catch-up growth, and regression to the mean. This approach asks a prospective question; for 
each child, is he/she growing more than expected, given his or her size at the start of the 
growth period and how is this growth associated with the outcome measure. 
 
In a subgroup analysis of those with body composition measures both from TFF1 and TFF2, 
we used conditional growth modelling to explore the relationship with change in FMI SDS 
and FFMI SDS.  
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Since body composition differs between girls and boys and according to pubertal maturation 
(40), all analyses were stratified by sex. Cross-product terms with sex and exposure variables 
were used to test for potential sex interactions. Models were adjusted for potential 
confounding factors; birth weight was adjusted for GA, associations between BMI at age 2.5 
and 6.0 were adjusted for height at the same ages, BMI at age 16.5 was additionally adjusted 
for height, pubertal maturation and physical activity levels. Conditional growth models were 
adjusted for GA, pubertal maturation and physical activity levels. 
 
Normality and linearity of exposures and outcome variables and residuals were checked by 
visual inspections of histograms and plots. No assumptions were considered violated for the 
final models applied. 
 
We experienced missing data; height and weight from childhood health records, covariates 
from MBRN or from questionnaires in TFF1. The percentages (numbers) of missing values 
were; 10% (91) for GA, 4% (40) for birth length, 27% (244), and 22% (196) for height and 
weight at 2.5 and 6.0 years, respectively. In TFF1, 1% (11) was missing data on physical 
activity. Of the boys 22% (102) were missing PDS, of the girls 1% (6) were missing 
menarche age (Figure 1). To minimize selection bias, missing values were estimated/imputed 
under the assumption of missing at random. Linear spline multilevel models were used to 
estimate missing birth length, height and weight at age 2.5 and 6.0. Multiple imputation was 
used to impute missing GA and covariates from TFF1 based on exposure and outcome 
variables. We used chained equations, generating 20 imputations and we report pooled 
estimates (41). Separate imputations were performed for boys and girls. In sensitivity 
analyses, the main analyses were repeated in a complete cases dataset (n=633). Differences 
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between participants with and without missing data were explored by t-test for continuous 
variables and by the !"	test for categorical variables. 
 
All procedures were performed in Stata/MP 15.1 for Mac (Stata Corp, College Station, TX, 
USA). Statistical significance level was set to a two-sided p-value of 5%.  
 
RESULTS 
We analysed data from 439 girls and 468 boys, 94% of the core age group <18 years of age in 
TFF1. Of these, 68.5% (336 girls and 285 boys) had body composition measures from both 
TFF1 and TFF2 (Figure 1), and were used in the subgroup analysis.  
 
Body composition and overweight/obesity 
Characteristics of the study population from birth up to 18-20 years of age are presented in 
Table 1. The vast majority (99%) was of white ethnicity. Additional detailed descriptive body 
composition measures per sex and age are provided in Table S1.  
 
According to the IOTF definition, the prevalence of overweight including obesity was 9.1% 
and 15.0% in girls, 6.4% and 8.6% in boys at 2.5 and 6.0 years of age, respectively. At 15-17 
and 18-20 years of age, 20.8% and 21.4% of girls, and 23.4% and 28.0% of boys were 
overweight/obese (Table 1). Comparisons with the WHO definitions are presented in Table 
S2. 
 
The proportion with a FMI SDS ≥1.0 was 19% and 17% in girls, 25% and 15% in boys at 15-
17 and 18-20 years of age, respectively. The proportion classified with central 
overweight/obesity was 32.0% among girls, 13.5% among boys at 15-17 years of age (Table 
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1). There were significant positive correlations between WC and DXA measured truncal FM, 
girls: (rs= 0.830, n=439, rs= 0.770, n=336), boys: (rs= 0.854, n=468, rs= 0.879, n=285) at 15-
17 and 18-20 years of age, respectively. Positive correlations were also seen between 
android:gynoid FMR and truncal FM, girls: (rs= 0.804, n=439, rs=0.792, n=336), boys: 
(rs=0.718, n=468, rs=0.689, n=285) at 15-17 and 18-20 years of age, respectively. All 
correlation coefficients p <0.001.  
 
Birth weight, body composition and central overweight/obesity 
In both sexes, birth weight was positively associated (p<0.01) with FFMI SDS at 15-20 years 
of age (Table 2). The estimates are equivalent to 1.9 kg FFM in girls and 2.2 kg FFM in boys 
at age 15-20 per 1 SD (590 g) increase in birth weight. Birth weight was significantly 
associated with higher FMI SDS at age 15-20 only in girls: 0.19 SDS (95% CI, 0.08 to 0.31, 
p<0.01). To remove a possible effect of length at birth, we analysed ponderal index and the 
estimated coefficients were similar as for birth weight (Table 2). There was no statistically 
significant association between birth weight and android:gynoid FMR (Table 2). Birth weight 
was significantly associated with height at 15-20 years of age in both sexes (girls: 2.5 cm, 
boys: 2.2 cm, p<0.001) per 1 SD higher birth weight (data not shown). Being born SGA was 
associated with lower FMI SDS and FFMI SDS, however only significant in girls (p<0.05) 
(Table 2). In girls, 1 SD higher birth weight was associated with a significantly increased 
odds of central overweight/obesity (OR 1.32, 95% CI 1.06 to 1.64) and a FMI SDS ≥1.0 (OR 
1.38, 95% CI 1.05 to 1.81) whereas being born SGA revealed significantly reduced odds of 
central overweight/obesity (OR 0.50, 95% CI 0.26 to 0.99). In boys, being born SGA was 
associated with significantly reduced odds of a FMI SDS ≥1.0 (OR 0.44, 95% CI 0.21 to 
0.92) (Table 3). 
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BMI gain and body composition 
Associations of individually modelled growth (i.e. conditional changes in BMI SDS between 
birth, age 2.5 years and consecutive ages) with body composition measures at 15-20 years of 
age are shown in Figure 2 (Table S3). Childhood BMI gain was significantly positively 
associated with FMI SDS, FFMI SDS and android:gynoid FMR at 15-20 years of age 
(p<0.001). The magnitude of the associations increased with age. The observed effect of 
increasing BMI from birth to 2.5 years of age was similar for FMI- and FFMI SDS. Greater 
BMI gain at later ages had a stronger impact on FMI SDS than on FFMI SDS with the highest 
estimates for growth between ages 6.0-16.5 years (Figure 2). 
 
BMI gain and changes in FMI and FFMI SDS 
On average, in both boys and girls, a small positive increase in FMI SDS was seen between 
TFF1 and TFF2 (Table 4). There was a significant positive correlation between FMI SDS at 
the two time points; girls: (rs = 0.796 n= 336 p<0.001), boys: (rs = 0.845 n= 285 p<0.001). 
Greater BMI gain in early childhood was not a significant predictor of increase in FMI-, or 
FFMI SDS between 15-17 and 18-20 years of age (Table 4). In both girls and boys, greater 
BMI gain between ages 6.0-16.5 years was associated with a weak, but significant decrease in 
FMI SDS but no significant change in FFMI SDS (Table 4). These findings were confirmed if 
change in absolute values of FMI and FFMI were used as outcome instead of the SDS (data 
not shown).  
 
BMI categories, body composition and central overweight/obesity 
In girls, overweight/obesity at 2.5 or at 6.0 years of age was associated with a significantly 
higher FMI SDS and FFMI SDS, compared to being under-/normal weight at the same ages 
(Table 2). The magnitude of the associations was similar. In boys, overweight/obesity at 2.5 
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years of age was significantly positively associated with FFMI SDS at 15-20 years of age. 
Overweight/obesity at 6.0 years of age was associated with significantly higher FMI SDS and 
FFMI SDS compared to being under-/normal weight, and the indices were estimated to give 
similar effects. At age 16.5 years, stronger associations were seen with FMI SDS than FFMI 
SDS for those with overweight/obesity, compared to those of normal weight. Stronger 
estimated effects were seen with higher BMI, in both sexes. Compared to normal weight, 
severe overweight/obesity at age 16.5 corresponded to an average of 21.3 kg increased FM in 
girls, and 22.3 kg increased FM in boys. Furthermore, in both sexes, overweight/obesity both 
at 6.0 and 16.5 years of age was significantly associated with an increased android:gynoid 
FMR at 15-20 years of age (Table 2). No such association was seen with overweight/obesity 
at 2.5 years of age. Underweight was consistently associated with significantly lower FMI 
SDS and FFMI SDS at all ages (data shown only for 16.5 years). In addition, 
overweight/obesity at 6.0 and 16.5 years of age was associated with significantly increased 
odds of central overweight/obesity and a FMI SDS ≥1.0 compared to those of normal weight, 
in both girls and boys (Table 3). 
 
Sensitivity and dropout analyses  
Sensitivity analyses showed no significant differences in body composition measures 
compared to cases with missing birth weight and/or childhood measurements. Sensitivity 
analyses produced results similar to those presented, except that birth weight in girls no 
longer was significantly associated with FMI SDS (data not shown). Dropout analyses 
(n=907) showed that significantly more boys (39.1%) than girls (23.5%) were either lost to 
follow-up or were missing body composition measures in TFF2 (p<0.001). No significant 
difference in birth weight or childhood BMI was seen between those with body composition 
measures from TFF2 and those with missing values. However, girls who were missing in 
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TFF2 had significantly higher FMI, FMI SDS, mean waist and android:gynoid FMR in TFF1 
than those with data also from TFF2 (p<0.05). Boys who were missing in TFF2 did not differ 
from those with complete data except for significantly (p<0.01) higher android:gynoid FMR 
in TFF1 (data not shown). Additional information on observed and estimated/imputed values 
and sensitivity analyses are provided in Table S4, S5 and S6. 
 
DISCUSSION 
In this longitudinal population-based study with repeated DXA derived body composition 
measures in adolescence, we found a weak significant association between birth weight and 
FFMI SDS at 15-20 years of age in both sexes, and with FMI SDS only in girls. We did not 
find any indications that low birth weight was associated with adverse levels of FM or central 
obesity. BMI gain in each age interval from birth and up to 16.5 years of age was associated 
with higher FMI-, FFMI SDS, and android:gynoid FMR, with the strongest associations seen 
for the age period 6-16.5 years. While increasing BMI in early childhood was more equally 
associated with both FFMI- and FMI SDS, increasing BMI later in childhood was more 
strongly related to FMI SDS. However, a greater BMI gain in childhood was not associated 
with a continued rise in FMI between 15-17 and 18-20 years of age. In both sexes, 
overweight/obesity at 6.0 and 16.5 years of age was associated with significantly higher odds 
of both central overweight/obesity and a FMI SDS ≥1.0, compared to being under-/normal 
weight. 
 
We compared our DXA derived body composition data with British reference data (collected 
2001-2010) (10) due to lack of such reference data for Norwegian adolescents. DXA 
reference data for FFMI and FMI were derived from the British database, which correlate 
strongly (r >0.93 in both sexes) with equivalent FFMI and FMI SDS obtained from the gold 
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standard 4-component (4C) model in the same sample (10). Overall, our study population was 
similar to the British reference population (10), as shown in table 1. Compared to Swedish 
normative data, (42) our adolescents had higher weight, BMI and FM at all ages between 15-
19 years. The Swedish data (42) were collected 10-20 years before our study. This may 
explain some of the differences, as the prevalence of overweight/obesity has increased in 
recent decades (43). Variation between DXA scanners may also influence the measures (30, 
42). Our cohort represents a Norwegian adolescent population, however with a restriction 
since the prevalence of overweight/obesity, and BMI SDS at 16.5 years of age was somewhat 
higher than reported from other regions of Norway (31, 44), and since the participants were of 
mainly white ethnicity.  
 
Birth weight, body composition and central overweight/obesity 
In accordance with others (9, 15-19, 21, 22), we found an association between higher birth 
weight and FFMI later in life. Associations between higher birth weight and FMI have been 
less consistent (9), and we observed a positive association with FMI only in girls. However, 
no statistically significant interaction with sex was seen. In girls, birth weight was also 
associated with increased odds of a WC ≥80 cm, but there was no relation with 
android:gynoid FMR. Also Sachdev et al., found associations between birth weight and 
adiposity only in girls (17). In both sexes, there was a positive association between birth 
weight and height at 15-20 years of age. Previous findings of significant associations between 
birth weight and overweight/obesity measured by BMI (7, 27), might therefore reflect a larger 
body size, not necessarily adiposity. Associations between birth weight and later body 
composition are partly explained by genetic factors. In a review of twin studies, heritability of 
BMI was found to be high, from 60-80% across ages while the influence of environmental 
factors increased with age, up to 40% (45). Low birth weight, or preterm birth has been linked 
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to central obesity (9, 15, 20). We could not confirm an association between low birth weight 
and later adverse levels of FMI or central obesity, results in line with findings from a Dutch 
study of preterm infants (18). 
 
BMI gain and body composition 
Conditional BMI gain between ages 2.5-6.0, and 6.0-16.5 years, was strongly associated with 
both higher FMI SDS and FFMI SDS at 15-20 years of age, with the highest estimates seen 
for FMI SDS in the latter age interval. Overweight/obesity at the ages 6.0 and 16.5 years 
reflected similar patterns. BMI gain in early childhood, before 2.5 years of age, indicated a 
stronger association with FFMI, or a more equal association with FMI and FFMI, in line with 
another study (46). Greater BMI gain after age 6.0 years, was more strongly associated with 
higher FM in adolescence. This suggests that centile crossing is more “obesogenic” at later 
ages, also observed by others (16, 17, 23, 24). Others have found that BMI changes between 
2-6 years of age were most strongly associated with FM at age 15 (25), or adult overweight 
(47). Barker et al. (48), linked rapid BMI gain between 2 and 11 years with CVD risk. A 
recently published study showed that upward BMI centile crossing between 7 years of age 
and early adulthood was associated with an increased risk of type 2 diabetes. However, 
overweight at 7 years of age was associated with an increased risk of type 2 diabetes only if it 
persisted until puberty or later ages (4). Early identification of children at risk, especially 
those with a rapid increase in BMI around the age of six, may therefore be possible and of 
importance. However, later childhood and adolescence emerge as an important period for 
development of overweight or obesity (47), and are therefore of equal importance as target 
for preventive efforts. Different influential factors may be of importance in different age 
groups. As reported by Nan et al. (45), the influence of unique environmental factors on BMI 
increased with age.  
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BMI gain and changes in FMI SDS 
We found no indication that greater BMI gain in childhood was associated with a continued 
rise in adiposity between 15-17 and 18-20 years of age. A weak decline in FMI SDS was 
observed, which may indicate that body composition measures are stabilising in the transition 
to young adulthood. It should be noted that these analyses were performed in a subgroup of 
the study population and the possibility of selection bias cannot be ruled out.  
 
Central overweight/obesity 
A concern is related to the relatively large proportion (32.0%) of girls with a WC ≥80 cm at 
15-17 years of age, since there is a link between central obesity and disease risk (6, 13). A 
WC threshold of 80.9 cm in girls and 83.5 cm in boys was moderate to highly accurately 
associated with an unhealthier clustered CVD risk in European adolescents (14). In line with 
findings from the GOOD study from Sweden (23), we observed a strong association between 
greater BMI gain between 6.0 and 16.5 years of age and central overweight/obesity measures 
at 15-20 years of age. The observed gender difference in central overweight/obesity may, at 
least partly, be related to accuracy of the reference (13). Stronger correlation between WC and 
truncal fat mass was observed among boys. More boys than girls were classified as 
overweight/obese based on BMI both according to the IOTF and the WHO reference. 
However, considerably higher prevalence of central obesity in girls has recently been reported 
from another Norwegian youth cohort (49). This should be a subject of further investigation. 
 
Strengths and limitations 
The main strengths of this study are its large, population-based design and access to 
longitudinal data from birth to 18-20 years of age. The high attendance rate in TFF1 and the 
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population-based design reduce the risk of selection bias. Body composition was measured 
with DXA, which has shown very good agreement with 4C models (10), and CT measures of 
visceral adipose tissue (50). Data from MBRN and objectively measured height and weight 
data from childhood and from the Fit Futures study reduce the risk of information bias. 
Longitudinal data from birth and childhood with repeated body composition measures, at the 
end of height growth, on the cusp of adulthood, is rare and a strength of this study. The main 
limitation is missing data. Despite >90% participation rate in TFF1 this introduces a risk of 
selection bias. However, sensitivity analyses showed that missing data from birth and/or 
childhood were not related to the outcome. While more boys than girls did not attend TFF2, 
dropout analyses showed higher levels of FMI and central obesity measures in girls who did 
not attend TFF2. We used linear spline multilevel modelling (37), and multiple imputation 
(41), to handle missing data. These are recommended methods to deal with challenges as we 
experienced; when data are not measured at the same point in time, data are from different 
sources or with missing data. The predicted height and weight values led to somewhat lower 
proportions of overweight/obesity at age 2.5 and 6.0, than those observed. The estimated 
associations between BMI categories in childhood and body composition in adolescence 
might therefore be somewhat underestimated. Sensitivity analyses of complete cases did not 
indicate that missing data highly influenced of our estimates. Unfortunately, information on 
potential confounding factors, such as parental, nutritional, physical activity levels, and other 
lifestyle factors were not available from MBRN and childhood health records. Such factors 
might influence body composition, and would likely have improved our statistical models. 
Whether our observation of patterns of BMI gain linked to adverse body composition in 
adolescence will lead to disease, remains to be seen. Longitudinal cohort data on growth, 
body composition and adult disease risk are currently sparse, and follow-up studies warranted 




Overweight/obesity at 6.0 and 16.5 years of age as well as greater BMI gain in this age period 
are strong predictors of higher FMI, FFMI as well as central obesity measures at 15-20 years 
of age. Early identification of children at risk of adverse levels of adiposity is possible and 
preventive efforts should focus both on childhood and adolescence. 
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Characteristics	 n	 mean/%	 SD	 n	 mean/%	 SD	
Birth	
Birth	weight	(g)	 439	 3453.9	 579.3	 468	 3601.1	 591.3	
Birth	length	(cm)	a	 439	 49.4	 1.7	 468	 50.2	 1.7	
Gestational	age	(weeks)	 389	 39.7	 1.8	 427	 39.6	 2.1	
Body	mass	index	(kg/m2)	a	 439	 14.08	 1.71	 468	 14.21	 1.67	
BMI	SDS	a	b	 439	 -0.04	 1.31	 468	 -0.07	 1.15	
Size	for	gestational	age	c:	 389	 	 	 427	 	 	
SGA	 49	 12.6%	 	 46	 10.8%	 	
AGA	 302	 77.6%	 	 332	 77.7%	 	
LGA	 38	 9.8%	 	 49	 11.5%	 	
2.5	years	of	age	
Weight	a	 439	 13.5	 1.4	 468	 14.2	 1.4	
Height	(cm)	a	 439	 91.6	 3.3	 468	 93.2	 3.2	
Body	mass	index	(kg/m2)	a	 439	 16.10	 1.27	 468	 16.31	 1.18	
BMI	SDS	a	b	 439	 -0.13	 1.13	 468	 -0.23	 0.98	
BMI	category	a	d:	 439	 	 	 468	 	 	
Underweight	 61	 13.9%	 	 52	 11.1%	 	
Normal	weight	 338	 77.0%	 	 386	 82.5%	 	
Light	overweight	 29	 6.6%	 	 17	 3.6%	 	
Severe	overweight/obesity	 11	 2.5%	 	 13	 2.8%	 	
6.0	years	of	age	
Weight	a	 439	 21.5	 3.4	 468	 21.6	 2.9	
Height	(cm)	a	 439	 116.9	 4.3	 468	 118.1	 4.3	
Body	mass	index	(kg/m2)	a	 439	 15.70	 1.96	 468	 15.47	 1.62	
BMI	SDS	a	b	 439	 -0.23	 1.17	 468	 -0.25	 1.06	
BMI	category	a	d:	 439	 	 	 468	 	 	
Underweight	 53	 12.1%	 	 66	 14.1%	 	
Normal	weight	 320	 72.9%	 	 362	 77.4%	 	
Light	overweight	 37	 8.4%	 	 21	 4.5%	 	
Severe	overweight/obesity	 29	 6.6%	 	 19	 4.1%	 	
16.5	years	of	age	
Weight	a	 439	 61.5	 11.9	 468	 70.4	 14.6	
Height	(cm)	a	 439	 165.6	 6.3	 468	 177.7	 6.5	
Body	mass	index	(kg/m2)	a	 439	 22.40	 4.07	 468	 22.24	 4.19	
BMI	SDS	a	b	 439	 0.46	 1.20	 468	 0.35	 1.15	
BMI	category	a	d:	 439	 	 	 468	 	 	
Underweight	 27	 6.2%	 	 40	 8.6%	 	
Normal	weight	 321	 73.1%	 	 318	 68.0%	 	
Light	overweight	 38	 8.7%	 	 41	 8.7%	 	
Severe	overweight/obesity	 53	 12.1%	 	 69	 14.7%	 	
Waist	circumference	(cm)	 439	 77.5	 10.3	 468	 81.9	 11.2	
Central	overweight/obesity	i	 141	 32.1%	 	 63	 13.5%	 	
Fat	mass		 439	 20.6	 9.0	 468	 14.7	 10.8	
Fat	mass	trunk		 439	 9.9	 4.8	 468	 7.4	 5.7	
Fat-free	mass		 439	 40.7	 4.7	 468	 55.5	 6.9	
Fat	mass	index	(kg/m2)	 439	 7.55	 3.28	 468	 4.67	 3.39	
Fat-free	mass	index	(kg/m2)	 439	 14.91	 1.34	 468	 17.67	 1.66	
	 27	
Fat	mass	index	SDS	e	 439	 0.23	 0.95	 468	 0.06	 1.15	
Fat-free	mass	index	SDS	e	 439	 0.01	 0.96	 468	 -0.09	 0.95	
Android:gynoid	fat	mass	ratio	 439	 0.33	 0.09	 468	 0.38	 0.11	
Pubertal	maturation,	girls	f:		 436	 	 	 -	 -	 -	
Early	(<12.5	y.)	 130	 29.8%	 	 -	 -	 -	
Intermediate	(12.5-13.9	y.)	 204	 46.8%	 	 -	 -	 -	
Late	(≥14.0	y.)	 102	 23.4%	 	 -	 -	 -	
Pubertal	maturation,	boys	g:		 -	 -	 -	 366	 	 	
Barely	started	(PDS	2.0-2.9)	 -	 -	 -	 65	 17.7%	 	
Underway	(PDS	3.0-3.9)	 -	 -	 -	 270	 73.8%	 	
Completed	(PDS	4.0)	 -	 -	 -	 31	 8.5%	 	
Physical	activity	–	frequency	h	 436	 	 	 460	 	 	
Low	 145	 33.3%	 	 171	 37.2%	 	
Moderate	 188	 43.1%	 	 169	 36.7%	 	
High	 103	 23.6%	 	 120	 26.1%	 	
18-20	years	of	age	
Age	(years)	 358	 18.6	 0.4	 303	 18.6	 0.4	
Weight		 340	 63.7	 12.1	 285	 75.1	 14.6	
Height	(cm)	 340	 166.0	 6.4	 285	 179.1	 6.5	
Body	mass	index	(kg/m2)	 340	 23.12	 4.29	 285	 23.36	 4.15	
BMI	category	d:	 340	 	 	 285	 	 	
Underweight	 15	 4.4%	 	 24	 8.4%	 	
Normal	weight	 252	 74.1%	 	 181	 63.5%	 	
Light	overweight	 27	 7.9%	 	 36	 12.6%	 	
Severe	overweight/obesity	 46	 13.5%	 	 44	 15.4%	 	
Waist	circumference	(cm)	 340	 78.1	 11.5	 285	 84.6	 11.8	
Central	overweight/obesity	i	 107	 31.5%	 	 54	 19.0%	 	
Fat	mass		 336	 21.8	 9.4	 285	 16.6	 11.3	
Fat	mass	trunk		 336	 10.7	 5.4	 285	 8.9	 6.4	
Fat-free	mass		 336	 41.7	 4.9	 285	 58.4	 7.2	
Fat	mass	index	(kg/m2)	 336	 7.93	 3.46	 285	 5.18	 3.45	
Fat-free	mass	index	(kg/m2)	 336	 15.13	 1.39	 285	 18.18	 1.78	
Fat	mass	index	SDS	e	 336	 0.22	 1.05	 285	 0.02	 1.18	
Fat-free	mass	index	SDS	e	 336	 0.13	 0.97	 285	 -0.17	 1.07	
Android:gynoid	fat	mass	ratio	 336	 0.35	 0.10	 285	 0.43	 0.11	












i Central overweight/obesity is defined as a waist circumference ≥80	cm	for	girls	and	≥94	cm	for	boys	(13). 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 1 Flowchart of the study population, The Tromsø study: Fit Futures 
 
Figure 2 Associations of conditional BMI gain from birth up to age 16.5 years with a) FMI SDS, b) 
FFMI SDS and c) android:gynoid FMR at 15-20 years of age, in girls and boys. Values are based on 
linear mixed models and reflect β coefficients and 95% CI per standardized residual of conditionally 
modelled BMI gain. Models are adjusted for gestational age, pubertal maturation and physical 
activity frequency measured in TFF1. (See also Table S2) Markers are placed approximately at mid-
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Table S2 BMI categories for girls and boys at 2.5, 6.0 and 16.5 years of age according to 
WHO and IOTF definitions. The Tromsø study: Fit Futures (n=907) 
 WHO reference a IOTF reference b 
Girls n % n % 
     2.5 years of age 439  439  
Underweight 4 0.9 61 13.9 
Normal weight 424 96.6 338 77.0 
Overweight/obesity 11 2.5 40 9.1 
     
6.0 years of age 439  439  
Underweight 57 13.0 53 12.1 
Normal weight 300 68.3 320 72.9 
Overweight/obesity 82 18.7 66 15.0 
     
16.5 years of age 439  439  
Underweight 40 9.1 27 6.2 
Normal weight 301 68.6 321 73.1 
Overweight/obesity 98 22.3 91 20.7 
     
Boys     
     2.5 years of age 468  468  
Underweight 4 0.9 52 11.1 
Normal weight 449 95.9 386 82.5 
Overweight/obesity 15 3.2 30 6.4 
     
6.0 years of age 468  468  
Underweight 70 14.9 66 14.1 
Normal weight 335 71.6 362 77.4 
Overweight/obesity 63 13.5 40 8.6 
     
16.5 years of age 468  468  
Underweight 68 14.5 40 8.6 
Normal weight 282 60.3 318 67.9 
Overweight/obesity 118 25.2 110 23.5 
     
BMI categories are based on BMI (kg/m2)calculated from predicted height/weight values at exact ages 2.5, 6.0 
and 16.5 years, by the linear spline multilevel model. 
a  WHO growth standard for children 2-5 years [34] using <-2SD for underweight, >+2 SD for overweight 
including obesity, and WHO growth reference  for ages 5-19 years [35] using <-1 SD for underweight, >+1 SD 
for overweight including obesity. 
b BMI categories according to International Obesity Taskforce age-and sex-specific cut-off values for children 2-
18 years of age [33]; underweight (adult BMI <18.5kg/m2), normal weight (adult BMI ≥18.5-<25kg/m2), 
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Table S4 Differences between observed measurements and those predicted by the linear spline multilevel model, for 









Age 2-4 years 663 2.6 (0.4) 907 2.5 - -0.1 
Age 5-7 years 713 6.0 (0.4) 907 6.0 - 0 
Age 15-17 years 907 16.6 (0.4) 907 16.5 - -0.1 
        
Girls        
        
Weight (kg)        
Birth weight 439 3.45 (0.58) 439 3.45 (0.56) -0.0002 
Weight 2-4 years 320 13.49 (1.72) 439 13.50 (1.37) 0.01 
Weight 5-7 years 339 21.88 (3.87) 439 21.51 (3.37) -0.37 
Weight 15-17 years 439 61.23 (11.61) 439 61.49 (11.85) 0.25 
 
Length/height (cm) 
Length at birth 415 49.40 (2.30) 439 49.41 (1.72) 0.01 
Length 2-4 years 320 91.27 (4.55) 439 91.56 (3.27) 0.29 
Length 5-7 years 341 116.74 (5.24) 439 116.90 (4.28) 0.16 
Length 15-17 years 439 165.06 (6.41) 439 165.61 (6.33) 0.55 
 
Body mass index (BMI kg/m2) 
BMI at birth 415 14.18 (1.49) 439 14.08 (1.71) -0.1 
BMI 2-4 years 320 16.16 (1.40) 439 16.10 (1.27) -0.06 
BMI 5-7 years 339 15.99 (2.05) 439 15.70 (1.96) -0.29 
BMI 15-17 years 439 22.46 (4.02) 439 22.40 (4.07) -0.06 
 
Boys        
 
Weight (kg) 
Birth weight 468 3.60 (0.59) 468 3.60 (0.57) 0.0002 
Weight 2-4 years 343 14.11 (1.75) 468 14.20 (1.41) 0.09 
Weight 5-7 years 372 22.16 (3.51) 468 21.62 (2.92) -0.54 
Weight 15-17 years 468 70.16 (14.42) 468 70.35 (14.58) 0.19 
 
Length/height (cm) 
Length at birth 452 50.20 (2.30) 468 50.23 (1.72) 0.03 
Length 2-4 years 343 92.74 (4.71) 468 93.24 (3.24) 0.50 
Length 5-7 years 372 118.24 (5.37) 468 118.10 (4.29) -0.14 
Length 15-17 years 468 177.03 (6.72) 468 177.67 (6.50) 0.64 
 
Body mass index (BMI kg/m2) 
BMI at birth 452 14.28 (1.52) 468 14.21 (1.67) -0.07 
BMI 2-4 years 343 16.37 (1.30) 468 16.31 (1.18) -0.06 
BMI 5-7 years 372 15.79 (1.70) 468 15.47 (1.62) -0.32 
BMI 15-17 years 468 22.34 (4.15) 468 22.24 (4.19) -0.10 
 
The numbers presented are numbers, mean (SD) 
a BMI categories according to International Obesity Taskforce age-and sex-specific cut-off values for children 2-18 years of age 
[33]; underweight (adult BMI <18.5kg/m2), normal weight (adult BMI ≥18.5-<25kg/m2), light overweight (adult BMI ≥25-<27 
kg/m2), severe overweight/obesity (adult BMI ≥27 kg/m2) 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Adolescent body composition, and associations with body size and growth from birth to late adolescence. The Tromsø Study: Fit 
Futures – a Norwegian longitudinal cohort study. 
Elin Evensen*, Nina Emaus, Anne-Sofie Furberg, Ane Kokkvoll, Jonathan Wells, Tom Wilsgaard, Anne Winther, Guri Skeie 
 
* Department of Clinical Research, University Hospital of North Norway, Tromsø, Norway. Department of Health and Care 
Sciences, Faculty of Health Sciences, UiT The Arctic University of Norway, Tromsø, Norway elin.evensen@unn.no 	
	
Table S6 Differences between complete cases and participants with missing birth weight  
and/or childhood BMI, girls and boys in The Tromsø study: Fit Futures 
 
 Complete cases 
 
n=633 






Girls       
TFF1       
Missing: no/yes 306 65.8% 159 34.2%  0.762 b 
Fat mass index (kg/m2) 7.61 (3.45) 7.31 (2.76) 0.30 0.342 
Fat-free mass index  (kg/m2) 14.87 (1.41) 14.93 (1.19) -0.06 0.658 
Fat mass index SDS 0.23 (0.99) 0.19 (0.84) 0.04 0.689 
Fat-free mass index SDS -0.03 (1.01) 0.04 (0.88) -0.06 0.503 
Waist circumferrence  (cm) 77.56 (10.88) 76.62 (8.54) 0.94 0.343 
Android:gynoid fat mass ratio  0.33 (0.09) 0.34 (0.08) -0.003 0.733 
TFF2       
Missing: no/yes 243 68.3% 113 31.7%  0.714 b 
Fat mass index  (kg/m2) 7.96 (3.67) 7.69 (2.77) 0.27 0.494 
Fat-free mass index  (kg/m2) 15.07 (1.44) 15.18 (1.25) -0.11 0.491 
Fat mass index SDS 0.20 (1.12) 0.20 (0.88) -0.0003 0.998 
Fat-free mass index SDS 0.08 (1.00) 0.17 (0.92) -0.10 0.378 
Waist circumferrence (cm) 77.98 (11.69) 77.59 (10.42) 0.38 0.765 
Android:gynoid fat mass ratio 0.35 (0.10) 0.36 (0.09) -0.006 0.594 
       
Boys       
TFF1       
Missing: no/yes 327 66.7% 163 33.3%  0.762 b 
Fat mass index  (kg/m2) 4.55 (3.43) 4.88 (3.32) -0.33 0.313 
Fat-free mass index  (kg/m2) 17.62 (1.70) 17.85 (1.59) -0.23 0.149 
Fat mass index SDS 0.01 1.16 0.16 1.14 -0.15 0.169 
Fat-free mass index SDS -0.12 (0.98) 0.02 (0.91) -0.14 0.116 
Waist circumferrence  (cm)  81.69 (11.45) 82.37 (11.07 -0.67 0.537 
Android:gynoid fat mass ratio 0.38 (0.11) 0.38 (0.11) -0.006 0.557 
TFF2       
Missing: no/yes 206 69.6% 90 30.4%  0.714 b 
Fat mass index  (kg/m2)  4.94 (3.42) 5.75 (3.73) -0.81 0.068 
Fat-free mass index  (kg/m2) 18.13 (1.83) 18.46 (1.60) -0.34 0.134 
Fat mass index SDS  -0.07 (1.19) 0.20 (1.19) -0.27 0.075 
Fat-free mass index SDS -0.20 (1.10) 0.01 (0.97) -0.21 0.123 
Waist circumferrence (cm) 84.04 (11.60) 86.11 (12.10) -2.07 0.164 
Android:gynoid fat mass ratio 0.43 (0.11) 0.43 (0.11) -0.005 0.731 
       
Values reported are mean (SD) or number and % 
n= 955, 465 girls, 490 boys with data from TFF1, 356 girls and 296 boys with data from TFF2. 
a p-values are obtained by two-samples t-test. 
b Sex difference in missing between girls and boys obtained by Chi-square test. 
BMI, body mass index; SDS, standard deviation scores; TFF1, The Tromsø study: Fit Futures 1; TFF2, The 



















1. IOTF extended cut-off values for boys 2012 
2. IOTF extended cut-off values for girls 2012 
3. Letter of approval from REC North for project no 2014/1397 
4. The information leaflet and the consent form used in TFF1 
5. The information leaflet and the consent form used in TFF2 
6. Registration form for MBRN, 1967-1998 
7. Letter of approval from MBRN 
8. Extract from the questionnaire in TFF1 
 
 
Age	(months) Age	(years) 16 17 18,5 23 25 27 30 35
24 2 13,6 14,29 15,24 17,54 18,36 19,07 19,99 21,2
25 2,08 13,58 14,26 15,2 17,49 18,31 19,03 19,95 21,16
26 2,17 13,55 14,23 15,16 17,45 18,26 18,98 19,9 21,11
27 2,25 13,52 14,2 15,13 17,41 18,22 18,93 19,85 21,07
28 2,33 13,5 14,17 15,09 17,36 18,17 18,89 19,81 21,03
29 2,42 13,47 14,14 15,06 17,32 18,13 18,85 19,77 20,99
30 2,5 13,44 14,11 15,02 17,28 18,09 18,8 19,73 20,95
31 2,58 13,42 14,08 14,99 17,24 18,05 18,76 19,68 20,91
32 2,67 13,39 14,05 14,95 17,2 18 18,72 19,64 20,88
33 2,75 13,37 14,02 14,92 17,16 17,97 18,68 19,61 20,84
34 2,83 13,34 13,99 14,89 17,12 17,93 18,64 19,57 20,81
35 2,92 13,32 13,96 14,86 17,08 17,89 18,61 19,54 20,78
36 3 13,3 13,94 14,83 17,05 17,85 18,57 19,5 20,75
37 3,08 13,27 13,91 14,8 17,01 17,82 18,54 19,47 20,72
38 3,17 13,25 13,89 14,77 16,98 17,79 18,5 19,44 20,7
39 3,25 13,23 13,86 14,74 16,95 17,75 18,47 19,41 20,67
40 3,33 13,21 13,84 14,71 16,91 17,72 18,44 19,38 20,65
41 3,42 13,19 13,81 14,68 16,88 17,69 18,41 19,36 20,63
42 3,5 13,16 13,79 14,66 16,85 17,66 18,38 19,33 20,61
43 3,58 13,14 13,76 14,63 16,83 17,63 18,36 19,31 20,6
44 3,67 13,12 13,74 14,61 16,8 17,61 18,33 19,29 20,59
45 3,75 13,1 13,72 14,58 16,77 17,58 18,31 19,27 20,57
46 3,83 13,08 13,7 14,56 16,75 17,56 18,29 19,25 20,56
47 3,92 13,06 13,67 14,53 16,72 17,54 18,27 19,24 20,56
48 4 13,04 13,65 14,51 16,7 17,52 18,25 19,23 20,56
49 4,08 13,02 13,63 14,49 16,68 17,5 18,24 19,21 20,56
50 4,17 13 13,61 14,46 16,66 17,48 18,22 19,21 20,56
51 4,25 12,98 13,59 14,44 16,64 17,46 18,21 19,2 20,56
52 4,33 12,96 13,57 14,42 16,62 17,45 18,2 19,2 20,57
53 4,42 12,94 13,55 14,4 16,61 17,44 18,19 19,2 20,59
54 4,5 12,92 13,53 14,38 16,59 17,43 18,19 19,2 20,6
55 4,58 12,9 13,51 14,36 16,58 17,42 18,18 19,2 20,63
56 4,67 12,88 13,49 14,34 16,56 17,41 18,18 19,21 20,65
57 4,75 12,86 13,47 14,32 16,55 17,4 18,18 19,22 20,68
58 4,83 12,84 13,44 14,3 16,54 17,4 18,18 19,23 20,71
59 4,92 12,82 13,42 14,28 16,53 17,39 18,19 19,25 20,75
60 5 12,8 13,4 14,26 16,52 17,39 18,19 19,27 20,79
61 5,08 12,78 13,38 14,24 16,51 17,39 18,2 19,29 20,84
62 5,17 12,75 13,36 14,22 16,51 17,4 18,21 19,32 20,89
63 5,25 12,73 13,34 14,2 16,5 17,4 18,23 19,35 20,95
64 5,33 12,71 13,32 14,18 16,5 17,41 18,24 19,38 21,01
65 5,42 12,69 13,3 14,17 16,5 17,41 18,26 19,42 21,08
66 5,5 12,66 13,27 14,15 16,5 17,42 18,28 19,46 21,15
67 5,58 12,64 13,25 14,13 16,5 17,44 18,31 19,5 21,23
68 5,67 12,62 13,23 14,11 16,5 17,45 18,33 19,55 21,31
69 5,75 12,6 13,21 14,1 16,51 17,46 18,36 19,59 21,4
70 5,83 12,58 13,19 14,08 16,51 17,48 18,39 19,65 21,49
71 5,92 12,56 13,18 14,07 16,52 17,5 18,42 19,7 21,59
72 6 12,54 13,16 14,06 16,52 17,52 18,45 19,76 21,69
73 6,08 12,52 13,14 14,04 16,53 17,54 18,49 19,82 21,79
74 6,17 12,5 13,12 14,03 16,54 17,56 18,53 19,88 21,9
75 6,25 12,48 13,11 14,02 16,56 17,59 18,57 19,94 22,01
76 6,33 12,47 13,1 14,01 16,57 17,62 18,61 20,01 22,12
77 6,42 12,45 13,08 14,01 16,58 17,64 18,65 20,08 22,24
78 6,5 12,44 13,07 14 16,6 17,67 18,7 20,15 22,35
79 6,58 12,43 13,06 14 16,62 17,7 18,74 20,22 22,47
80 6,67 12,42 13,06 13,99 16,64 17,73 18,79 20,29 22,59
81 6,75 12,41 13,05 13,99 16,66 17,77 18,84 20,36 22,71
82 6,83 12,4 13,05 13,99 16,68 17,8 18,89 20,44 22,83
BMI	(kg/m²)	at	age	18	years
Boys
83 6,92 12,39 13,04 13,99 16,7 17,84 18,94 20,51 22,96
84 7 12,39 13,04 14 16,73 17,88 18,99 20,59 23,08
85 7,08 12,39 13,04 14 16,75 17,91 19,04 20,66 23,21
86 7,17 12,39 13,04 14,01 16,78 17,95 19,09 20,74 23,33
87 7,25 12,39 13,04 14,02 16,81 17,99 19,15 20,82 23,45
88 7,33 12,39 13,05 14,02 16,84 18,04 19,2 20,9 23,58
89 7,42 12,39 13,05 14,04 16,87 18,08 19,26 20,98 23,7
90 7,5 12,39 13,06 14,05 16,9 18,12 19,32 21,06 23,83
91 7,58 12,4 13,07 14,06 16,93 18,17 19,38 21,14 23,95
92 7,67 12,4 13,07 14,07 16,97 18,21 19,43 21,22 24,08
93 7,75 12,41 13,08 14,09 17 18,26 19,5 21,3 24,21
94 7,83 12,41 13,09 14,1 17,04 18,31 19,56 21,39 24,34
95 7,92 12,42 13,1 14,12 17,08 18,36 19,62 21,47 24,47
96 8 12,43 13,11 14,13 17,12 18,41 19,68 21,56 24,6
97 8,08 12,44 13,13 14,15 17,15 18,46 19,75 21,65 24,74
98 8,17 12,44 13,14 14,17 17,19 18,51 19,81 21,74 24,88
99 8,25 12,45 13,15 14,18 17,23 18,56 19,88 21,83 25,02
100 8,33 12,46 13,16 14,2 17,27 18,62 19,95 21,92 25,16
101 8,42 12,47 13,17 14,22 17,32 18,67 20,02 22,02 25,31
102 8,5 12,48 13,19 14,24 17,36 18,73 20,09 22,11 25,45
103 8,58 12,49 13,2 14,26 17,4 18,78 20,16 22,21 25,61
104 8,67 12,5 13,21 14,28 17,44 18,84 20,23 22,31 25,76
105 8,75 12,51 13,23 14,3 17,49 18,9 20,3 22,41 25,92
106 8,83 12,52 13,24 14,32 17,53 18,95 20,37 22,51 26,07
107 8,92 12,53 13,25 14,34 17,57 19,01 20,45 22,61 26,23
108 9 12,54 13,27 14,36 17,62 19,07 20,52 22,71 26,4
109 9,08 12,55 13,28 14,38 17,67 19,13 20,6 22,82 26,56
110 9,17 12,56 13,3 14,4 17,71 19,19 20,67 22,92 26,72
111 9,25 12,58 13,31 14,42 17,76 19,25 20,75 23,03 26,89
112 9,33 12,59 13,33 14,44 17,8 19,31 20,83 23,13 27,05
113 9,42 12,6 13,35 14,47 17,85 19,37 20,9 23,24 27,22
114 9,5 12,61 13,36 14,49 17,9 19,43 20,98 23,34 27,39
115 9,58 12,63 13,38 14,51 17,94 19,49 21,06 23,45 27,55
116 9,67 12,64 13,4 14,53 17,99 19,55 21,13 23,55 27,71
117 9,75 12,65 13,41 14,56 18,04 19,61 21,21 23,66 27,88
118 9,83 12,67 13,43 14,58 18,09 19,67 21,29 23,76 28,04
119 9,92 12,68 13,45 14,61 18,13 19,74 21,36 23,86 28,2
120 10 12,7 13,47 14,63 18,18 19,8 21,44 23,96 28,35
121 10,08 12,71 13,49 14,66 18,23 19,86 21,51 24,06 28,51
122 10,17 12,73 13,51 14,68 18,28 19,92 21,59 24,16 28,65
123 10,25 12,74 13,53 14,71 18,32 19,97 21,66 24,25 28,8
124 10,33 12,76 13,55 14,73 18,37 20,04 21,73 24,35 28,94
125 10,42 12,78 13,57 14,76 18,42 20,09 21,8 24,44 29,08
126 10,5 12,8 13,59 14,79 18,47 20,15 21,88 24,54 29,22
127 10,58 12,81 13,61 14,82 18,52 20,21 21,95 24,63 29,35
128 10,67 12,83 13,63 14,84 18,56 20,27 22,02 24,72 29,48
129 10,75 12,85 13,66 14,87 18,61 20,33 22,09 24,81 29,61
130 10,83 12,87 13,68 14,9 18,66 20,39 22,16 24,9 29,73
131 10,92 12,89 13,7 14,93 18,71 20,45 22,23 24,98 29,86
132 11 12,91 13,73 14,96 18,76 20,51 22,29 25,07 29,97
133 11,08 12,94 13,75 14,99 18,81 20,56 22,36 25,15 30,09
134 11,17 12,96 13,78 15,02 18,86 20,62 22,43 25,24 30,2
135 11,25 12,98 13,8 15,05 18,91 20,68 22,5 25,32 30,31
136 11,33 13 13,83 15,08 18,95 20,74 22,56 25,4 30,42
137 11,42 13,03 13,86 15,12 19 20,79 22,63 25,48 30,52
138 11,5 13,05 13,89 15,15 19,05 20,85 22,7 25,56 30,63
139 11,58 13,08 13,92 15,18 19,1 20,91 22,76 25,64 30,73
140 11,67 13,1 13,94 15,22 19,15 20,97 22,83 25,72 30,83
141 11,75 13,13 13,97 15,25 19,2 21,03 22,89 25,79 30,93
142 11,83 13,16 14,01 15,29 19,25 21,08 22,96 25,87 31,02
143 11,92 13,19 14,04 15,32 19,31 21,14 23,02 25,94 31,12
144 12 13,21 14,07 15,36 19,36 21,2 23,09 26,02 31,21
145 12,08 13,24 14,1 15,4 19,41 21,25 23,15 26,09 31,3
146 12,17 13,28 14,13 15,44 19,46 21,31 23,22 26,17 31,39
147 12,25 13,31 14,17 15,47 19,51 21,37 23,28 26,24 31,47
148 12,33 13,34 14,2 15,51 19,56 21,43 23,34 26,31 31,56
149 12,42 13,37 14,24 15,55 19,61 21,49 23,4 26,38 31,64
150 12,5 13,4 14,27 15,59 19,67 21,54 23,47 26,45 31,73
151 12,58 13,44 14,31 15,63 19,72 21,6 23,53 26,52 31,81
152 12,67 13,47 14,34 15,67 19,77 21,66 23,6 26,59 31,89
153 12,75 13,5 14,38 15,71 19,82 21,72 23,66 26,66 31,97
154 12,83 13,54 14,42 15,75 19,88 21,78 23,72 26,73 32,04
155 12,92 13,58 14,46 15,8 19,93 21,83 23,78 26,8 32,12
156 13 13,61 14,5 15,84 19,99 21,89 23,84 26,87 32,19
157 13,08 13,65 14,54 15,88 20,04 21,95 23,91 26,94 32,27
158 13,17 13,69 14,58 15,93 20,09 22,01 23,97 27 32,33
159 13,25 13,73 14,62 15,97 20,15 22,07 24,03 27,07 32,41
160 13,33 13,76 14,66 16,02 20,2 22,13 24,1 27,14 32,48
161 13,42 13,8 14,7 16,06 20,26 22,19 24,15 27,2 32,54
162 13,5 13,84 14,74 16,11 20,31 22,24 24,22 27,26 32,6
163 13,58 13,88 14,79 16,16 20,37 22,3 24,28 27,33 32,67
164 13,67 13,93 14,83 16,2 20,43 22,36 24,34 27,39 32,74
165 13,75 13,97 14,87 16,25 20,48 22,42 24,4 27,46 32,8
166 13,83 14,01 14,92 16,3 20,54 22,48 24,46 27,52 32,86
167 13,92 14,05 14,96 16,35 20,6 22,54 24,53 27,58 32,92
168 14 14,09 15,01 16,39 20,65 22,6 24,59 27,64 32,97
169 14,08 14,14 15,05 16,44 20,71 22,66 24,65 27,7 33,03
170 14,17 14,18 15,1 16,49 20,76 22,72 24,71 27,76 33,08
171 14,25 14,22 15,14 16,54 20,82 22,77 24,76 27,82 33,14
172 14,33 14,26 15,19 16,59 20,88 22,83 24,82 27,88 33,19
173 14,42 14,31 15,23 16,64 20,93 22,89 24,88 27,94 33,25
174 14,5 14,35 15,28 16,68 20,99 22,95 24,94 28 33,3
175 14,58 14,4 15,33 16,73 21,04 23 25 28,05 33,34
176 14,67 14,44 15,37 16,78 21,1 23,06 25,06 28,11 33,39
177 14,75 14,48 15,42 16,83 21,15 23,12 25,11 28,16 33,43
178 14,83 14,53 15,46 16,88 21,21 23,17 25,17 28,22 33,47
179 14,92 14,57 15,51 16,93 21,26 23,23 25,22 28,27 33,52
180 15 14,61 15,55 16,98 21,31 23,28 25,27 28,32 33,56
181 15,08 14,66 15,6 17,02 21,37 23,33 25,33 28,37 33,6
182 15,17 14,7 15,64 17,07 21,42 23,39 25,38 28,42 33,64
183 15,25 14,74 15,69 17,12 21,47 23,44 25,43 28,47 33,67
184 15,33 14,78 15,73 17,16 21,52 23,49 25,48 28,52 33,71
185 15,42 14,83 15,78 17,21 21,57 23,54 25,53 28,56 33,74
186 15,5 14,87 15,82 17,26 21,62 23,59 25,58 28,61 33,78
187 15,58 14,91 15,87 17,3 21,67 23,64 25,63 28,66 33,81
188 15,67 14,95 15,91 17,35 21,72 23,69 25,68 28,7 33,85
189 15,75 15 15,95 17,4 21,77 23,74 25,73 28,75 33,88
190 15,83 15,04 16 17,44 21,82 23,79 25,78 28,8 33,92
191 15,92 15,08 16,04 17,49 21,87 23,84 25,83 28,84 33,95
192 16 15,12 16,08 17,53 21,92 23,89 25,88 28,89 33,98
193 16,08 15,16 16,12 17,57 21,97 23,94 25,92 28,93 34,01
194 16,17 15,2 16,17 17,62 22,01 23,99 25,97 28,97 34,05
195 16,25 15,24 16,21 17,66 22,06 24,04 26,02 29,02 34,08
196 16,33 15,28 16,25 17,71 22,11 24,08 26,07 29,06 34,12
197 16,42 15,32 16,29 17,75 22,16 24,13 26,11 29,11 34,15
198 16,5 15,36 16,33 17,79 22,2 24,18 26,16 29,15 34,19
199 16,58 15,4 16,37 17,83 22,25 24,22 26,21 29,2 34,23
200 16,67 15,44 16,41 17,88 22,29 24,27 26,25 29,24 34,26
201 16,75 15,47 16,45 17,92 22,34 24,32 26,3 29,29 34,31
202 16,83 15,51 16,49 17,96 22,39 24,37 26,35 29,34 34,35
203 16,92 15,55 16,53 18 22,43 24,41 26,4 29,38 34,39
204 17 15,59 16,57 18,04 22,48 24,46 26,44 29,43 34,43
205 17,08 15,62 16,6 18,08 22,52 24,5 26,49 29,48 34,48
206 17,17 15,66 16,64 18,12 22,57 24,55 26,54 29,52 34,52
207 17,25 15,69 16,68 18,16 22,61 24,6 26,58 29,57 34,57
208 17,33 15,73 16,72 18,2 22,66 24,64 26,63 29,62 34,61
209 17,42 15,76 16,75 18,24 22,7 24,69 26,68 29,67 34,66
210 17,5 15,8 16,79 18,28 22,74 24,73 26,72 29,71 34,7
211 17,58 15,83 16,83 18,31 22,79 24,78 26,77 29,76 34,75
212 17,67 15,87 16,86 18,35 22,83 24,82 26,81 29,81 34,8
213 17,75 15,9 16,9 18,39 22,87 24,87 26,86 29,86 34,85
214 17,83 15,93 16,93 18,43 22,91 24,91 26,91 29,9 34,9
215 17,92 15,97 16,97 18,46 22,96 24,96 26,95 29,95 34,95
216 18 16 17 18,5 23 25 27 30 35
Age	(months) Age	(years) 16 17 18,5 23 25 27 30 35
24 2 13,4 14,05 14,96 17,25 18,09 18,83 19,81 21,13
25 2,08 13,37 14,02 14,93 17,21 18,05 18,79 19,77 21,09
26 2,17 13,35 14 14,9 17,17 18 18,75 19,73 21,05
27 2,25 13,32 13,97 14,86 17,13 17,96 18,71 19,68 21,01
28 2,33 13,3 13,94 14,83 17,09 17,92 18,67 19,64 20,97
29 2,42 13,27 13,91 14,8 17,05 17,88 18,63 19,6 20,94
30 2,5 13,25 13,88 14,77 17,01 17,84 18,59 19,57 20,9
31 2,58 13,22 13,86 14,74 16,98 17,81 18,55 19,53 20,87
32 2,67 13,2 13,83 14,71 16,94 17,77 18,52 19,5 20,84
33 2,75 13,18 13,8 14,68 16,91 17,74 18,48 19,47 20,81
34 2,83 13,15 13,78 14,65 16,88 17,71 18,45 19,44 20,79
35 2,92 13,13 13,75 14,62 16,85 17,68 18,42 19,41 20,77
36 3 13,11 13,73 14,6 16,82 17,64 18,39 19,38 20,74
37 3,08 13,09 13,7 14,57 16,79 17,62 18,36 19,36 20,72
38 3,17 13,07 13,68 14,54 16,76 17,59 18,34 19,33 20,7
39 3,25 13,04 13,66 14,52 16,73 17,56 18,31 19,31 20,69
40 3,33 13,02 13,63 14,49 16,7 17,53 18,29 19,29 20,67
41 3,42 13 13,61 14,47 16,68 17,51 18,26 19,27 20,66
42 3,5 12,98 13,59 14,44 16,65 17,48 18,24 19,25 20,65
43 3,58 12,96 13,56 14,42 16,62 17,46 18,22 19,23 20,64
44 3,67 12,94 13,54 14,39 16,6 17,44 18,2 19,21 20,63
45 3,75 12,91 13,52 14,37 16,58 17,41 18,18 19,2 20,62
46 3,83 12,89 13,49 14,34 16,55 17,39 18,16 19,18 20,62
47 3,92 12,87 13,47 14,32 16,53 17,37 18,14 19,17 20,62
48 4 12,85 13,45 14,3 16,51 17,35 18,13 19,16 20,61
49 4,08 12,83 13,43 14,27 16,49 17,34 18,11 19,15 20,62
50 4,17 12,81 13,4 14,25 16,47 17,32 18,1 19,15 20,62
51 4,25 12,78 13,38 14,23 16,45 17,31 18,09 19,14 20,63
52 4,33 12,76 13,36 14,2 16,43 17,29 18,08 19,14 20,64
53 4,42 12,74 13,34 14,18 16,42 17,28 18,07 19,14 20,66
54 4,5 12,72 13,31 14,16 16,4 17,27 18,06 19,14 20,67
55 4,58 12,7 13,29 14,14 16,39 17,26 18,06 19,15 20,69
56 4,67 12,67 13,27 14,12 16,37 17,25 18,06 19,15 20,72
57 4,75 12,65 13,25 14,1 16,36 17,24 18,06 19,16 20,74
58 4,83 12,63 13,23 14,08 16,35 17,24 18,06 19,17 20,77
59 4,92 12,61 13,21 14,06 16,34 17,23 18,06 19,19 20,81
60 5 12,59 13,18 14,04 16,33 17,23 18,06 19,2 20,84
61 5,08 12,56 13,16 14,02 16,32 17,23 18,07 19,22 20,89
62 5,17 12,54 13,14 14 16,32 17,23 18,08 19,24 20,93
63 5,25 12,52 13,12 13,98 16,31 17,23 18,09 19,27 20,98
64 5,33 12,5 13,1 13,97 16,31 17,24 18,1 19,3 21,04
65 5,42 12,48 13,08 13,95 16,3 17,24 18,12 19,33 21,09
66 5,5 12,45 13,06 13,93 16,3 17,25 18,13 19,36 21,16
67 5,58 12,43 13,04 13,92 16,3 17,26 18,15 19,4 21,22
68 5,67 12,41 13,02 13,9 16,3 17,27 18,18 19,43 21,29
69 5,75 12,39 13 13,89 16,31 17,28 18,2 19,48 21,37
70 5,83 12,37 12,99 13,87 16,31 17,3 18,22 19,52 21,44
71 5,92 12,36 12,97 13,86 16,32 17,31 18,25 19,57 21,52
72 6 12,34 12,96 13,85 16,32 17,33 18,28 19,61 21,61
73 6,08 12,32 12,94 13,84 16,33 17,35 18,31 19,67 21,7
74 6,17 12,31 12,93 13,83 16,34 17,37 18,35 19,72 21,79
75 6,25 12,29 12,92 13,82 16,36 17,39 18,38 19,78 21,89
76 6,33 12,28 12,9 13,82 16,37 17,42 18,42 19,84 21,99
77 6,42 12,27 12,9 13,81 16,39 17,45 18,46 19,9 22,09
78 6,5 12,26 12,89 13,81 16,4 17,48 18,5 19,96 22,19
79 6,58 12,25 12,88 13,81 16,42 17,51 18,55 20,03 22,3
80 6,67 12,24 12,88 13,81 16,44 17,54 18,59 20,1 22,41
81 6,75 12,23 12,87 13,81 16,47 17,58 18,64 20,17 22,53
82 6,83 12,23 12,87 13,81 16,49 17,61 18,69 20,24 22,64
Girls
BMI	(kg/m²)	at	age	18	years
83 6,92 12,23 12,87 13,82 16,52 17,65 18,74 20,32 22,76
84 7 12,23 12,87 13,83 16,54 17,69 18,8 20,39 22,88
85 7,08 12,23 12,88 13,83 16,57 17,73 18,85 20,47 23
86 7,17 12,23 12,88 13,84 16,61 17,78 18,91 20,55 23,13
87 7,25 12,23 12,89 13,86 16,64 17,82 18,97 20,63 23,26
88 7,33 12,24 12,9 13,87 16,67 17,87 19,03 20,72 23,39
89 7,42 12,24 12,9 13,88 16,71 17,91 19,09 20,8 23,52
90 7,5 12,25 12,91 13,9 16,74 17,96 19,15 20,89 23,65
91 7,58 12,25 12,92 13,91 16,78 18,01 19,22 20,98 23,79
92 7,67 12,26 12,93 13,93 16,82 18,07 19,28 21,07 23,93
93 7,75 12,27 12,95 13,95 16,86 18,12 19,35 21,16 24,07
94 7,83 12,28 12,96 13,96 16,9 18,17 19,42 21,25 24,21
95 7,92 12,29 12,97 13,98 16,94 18,23 19,49 21,35 24,36
96 8 12,3 12,98 14 16,99 18,28 19,56 21,44 24,5
97 8,08 12,31 13 14,02 17,03 18,34 19,63 21,54 24,65
98 8,17 12,32 13,01 14,04 17,07 18,39 19,7 21,64 24,8
99 8,25 12,33 13,03 14,06 17,12 18,45 19,77 21,74 24,95
100 8,33 12,34 13,04 14,08 17,16 18,51 19,85 21,84 25,1
101 8,42 12,35 13,06 14,1 17,21 18,57 19,92 21,94 25,26
102 8,5 12,37 13,07 14,12 17,25 18,63 20 22,04 25,42
103 8,58 12,38 13,09 14,15 17,3 18,69 20,07 22,14 25,58
104 8,67 12,39 13,1 14,17 17,34 18,75 20,15 22,24 25,74
105 8,75 12,4 13,12 14,19 17,39 18,81 20,22 22,35 25,9
106 8,83 12,41 13,13 14,21 17,44 18,87 20,3 22,45 26,06
107 8,92 12,42 13,15 14,23 17,48 18,93 20,38 22,56 26,22
108 9 12,44 13,16 14,26 17,53 18,99 20,46 22,66 26,39
109 9,08 12,45 13,18 14,28 17,58 19,05 20,53 22,77 26,55
110 9,17 12,46 13,2 14,3 17,63 19,12 20,61 22,88 26,72
111 9,25 12,47 13,22 14,33 17,68 19,18 20,69 22,99 26,88
112 9,33 12,49 13,23 14,35 17,73 19,24 20,77 23,09 27,05
113 9,42 12,5 13,25 14,38 17,78 19,31 20,85 23,2 27,21
114 9,5 12,52 13,27 14,4 17,83 19,38 20,94 23,31 27,38
115 9,58 12,53 13,29 14,43 17,88 19,44 21,02 23,42 27,55
116 9,67 12,55 13,31 14,46 17,94 19,51 21,1 23,53 27,71
117 9,75 12,57 13,33 14,49 17,99 19,58 21,18 23,64 27,88
118 9,83 12,59 13,36 14,52 18,04 19,64 21,27 23,75 28,04
119 9,92 12,61 13,38 14,55 18,1 19,71 21,35 23,86 28,2
120 10 12,63 13,4 14,58 18,16 19,78 21,43 23,97 28,36
121 10,08 12,65 13,43 14,61 18,21 19,85 21,52 24,08 28,52
122 10,17 12,67 13,46 14,64 18,27 19,92 21,6 24,19 28,68
123 10,25 12,69 13,48 14,68 18,33 19,99 21,69 24,29 28,83
124 10,33 12,72 13,51 14,71 18,39 20,07 21,77 24,4 28,98
125 10,42 12,74 13,54 14,75 18,45 20,14 21,86 24,51 29,14
126 10,5 12,77 13,57 14,78 18,51 20,21 21,95 24,62 29,28
127 10,58 12,79 13,6 14,82 18,57 20,28 22,03 24,72 29,43
128 10,67 12,82 13,63 14,86 18,63 20,36 22,12 24,83 29,58
129 10,75 12,85 13,67 14,9 18,7 20,43 22,2 24,94 29,72
130 10,83 12,88 13,7 14,94 18,76 20,51 22,29 25,04 29,86
131 10,92 12,91 13,74 14,98 18,82 20,58 22,38 25,15 30
132 11 12,94 13,77 15,03 18,89 20,66 22,47 25,25 30,14
133 11,08 12,97 13,81 15,07 18,95 20,73 22,55 25,36 30,28
134 11,17 13,01 13,84 15,11 19,02 20,81 22,64 25,46 30,41
135 11,25 13,04 13,88 15,16 19,09 20,89 22,73 25,57 30,54
136 11,33 13,08 13,92 15,2 19,15 20,96 22,81 25,67 30,67
137 11,42 13,11 13,96 15,25 19,22 21,04 22,9 25,77 30,8
138 11,5 13,15 14 15,3 19,29 21,12 22,99 25,87 30,93
139 11,58 13,18 14,04 15,35 19,36 21,2 23,08 25,98 31,05
140 11,67 13,22 14,09 15,39 19,42 21,27 23,16 26,08 31,17
141 11,75 13,26 14,13 15,44 19,49 21,35 23,25 26,18 31,3
142 11,83 13,3 14,17 15,49 19,56 21,43 23,34 26,28 31,42
143 11,92 13,34 14,22 15,54 19,63 21,51 23,42 26,38 31,54
144 12 13,38 14,26 15,59 19,7 21,59 23,51 26,47 31,66
145 12,08 13,42 14,31 15,65 19,77 21,66 23,59 26,57 31,77
146 12,17 13,47 14,35 15,7 19,84 21,74 23,68 26,67 31,89
147 12,25 13,51 14,4 15,75 19,91 21,82 23,76 26,76 32
148 12,33 13,55 14,45 15,8 19,98 21,9 23,85 26,86 32,11
149 12,42 13,6 14,5 15,86 20,05 21,97 23,93 26,95 32,22
150 12,5 13,64 14,54 15,91 20,12 22,05 24,02 27,05 32,33
151 12,58 13,69 14,59 15,96 20,19 22,12 24,1 27,14 32,43
152 12,67 13,73 14,64 16,02 20,26 22,2 24,18 27,22 32,53
153 12,75 13,78 14,69 16,07 20,33 22,27 24,26 27,31 32,63
154 12,83 13,82 14,74 16,13 20,39 22,35 24,34 27,4 32,73
155 12,92 13,87 14,79 16,18 20,46 22,42 24,42 27,49 32,82
156 13 13,92 14,84 16,23 20,53 22,49 24,49 27,57 32,91
157 13,08 13,96 14,89 16,29 20,59 22,56 24,57 27,65 33
158 13,17 14,01 14,94 16,34 20,66 22,63 24,64 27,73 33,09
159 13,25 14,06 14,99 16,4 20,72 22,7 24,71 27,81 33,17
160 13,33 14,1 15,04 16,45 20,79 22,77 24,79 27,88 33,24
161 13,42 14,15 15,09 16,5 20,85 22,84 24,86 27,96 33,32
162 13,5 14,2 15,13 16,55 20,91 22,9 24,92 28,03 33,39
163 13,58 14,24 15,18 16,61 20,98 22,97 24,99 28,1 33,47
164 13,67 14,29 15,23 16,66 21,04 23,03 25,06 28,16 33,53
165 13,75 14,34 15,28 16,71 21,1 23,09 25,12 28,23 33,6
166 13,83 14,38 15,33 16,76 21,15 23,15 25,18 28,29 33,66
167 13,92 14,43 15,38 16,81 21,21 23,21 25,25 28,36 33,72
168 14 14,47 15,42 16,86 21,27 23,27 25,31 28,42 33,78
169 14,08 14,52 15,47 16,91 21,33 23,33 25,37 28,48 33,83
170 14,17 14,57 15,52 16,96 21,38 23,39 25,42 28,53 33,88
171 14,25 14,61 15,57 17,01 21,43 23,44 25,48 28,59 33,93
172 14,33 14,65 15,61 17,06 21,49 23,5 25,53 28,64 33,98
173 14,42 14,7 15,66 17,11 21,54 23,55 25,59 28,69 34,03
174 14,5 14,74 15,71 17,16 21,59 23,6 25,64 28,74 34,07
175 14,58 14,79 15,75 17,2 21,64 23,65 25,69 28,79 34,11
176 14,67 14,83 15,8 17,25 21,69 23,7 25,74 28,84 34,15
177 14,75 14,87 15,84 17,3 21,74 23,75 25,78 28,88 34,18
178 14,83 14,92 15,88 17,34 21,79 23,8 25,83 28,92 34,21
179 14,92 14,96 15,93 17,39 21,83 23,84 25,87 28,97 34,25
180 15 15 15,97 17,43 21,88 23,89 25,92 29,01 34,28
181 15,08 15,04 16,01 17,47 21,92 23,93 25,96 29,05 34,31
182 15,17 15,08 16,05 17,51 21,96 23,97 26 29,08 34,33
183 15,25 15,12 16,09 17,56 22,01 24,01 26,04 29,12 34,36
184 15,33 15,16 16,13 17,6 22,05 24,05 26,08 29,15 34,39
185 15,42 15,2 16,17 17,64 22,09 24,09 26,12 29,19 34,41
186 15,5 15,24 16,21 17,68 22,13 24,13 26,15 29,22 34,43
187 15,58 15,27 16,25 17,72 22,17 24,17 26,19 29,25 34,45
188 15,67 15,31 16,28 17,75 22,2 24,21 26,23 29,29 34,48
189 15,75 15,34 16,32 17,79 22,24 24,24 26,26 29,31 34,49
190 15,83 15,38 16,36 17,82 22,28 24,28 26,29 29,34 34,51
191 15,92 15,41 16,39 17,86 22,31 24,31 26,32 29,37 34,53
192 16 15,45 16,42 17,9 22,35 24,34 26,36 29,4 34,54
193 16,08 15,48 16,46 17,93 22,38 24,38 26,39 29,42 34,56
194 16,17 15,51 16,49 17,96 22,41 24,41 26,42 29,45 34,58
195 16,25 15,54 16,52 17,99 22,44 24,44 26,45 29,48 34,6
196 16,33 15,57 16,55 18,02 22,48 24,47 26,48 29,5 34,62
197 16,42 15,6 16,58 18,06 22,51 24,5 26,5 29,53 34,63
198 16,5 15,63 16,61 18,08 22,54 24,53 26,53 29,55 34,64
199 16,58 15,65 16,64 18,11 22,57 24,56 26,56 29,58 34,66
200 16,67 15,68 16,66 18,14 22,59 24,59 26,59 29,6 34,68
201 16,75 15,7 16,69 18,17 22,62 24,61 26,61 29,63 34,7
202 16,83 15,73 16,71 18,19 22,65 24,64 26,64 29,65 34,71
203 16,92 15,75 16,74 18,22 22,68 24,67 26,67 29,68 34,73
204 17 15,78 16,76 18,24 22,7 24,7 26,69 29,7 34,75
205 17,08 15,8 16,78 18,27 22,73 24,72 26,72 29,73 34,77
206 17,17 15,82 16,81 18,29 22,76 24,75 26,74 29,75 34,78
207 17,25 15,84 16,83 18,31 22,78 24,77 26,77 29,77 34,8
208 17,33 15,86 16,85 18,34 22,81 24,8 26,8 29,8 34,82
209 17,42 15,88 16,87 18,36 22,83 24,82 26,82 29,82 34,84
210 17,5 15,9 16,89 18,38 22,86 24,85 26,85 29,85 34,87
211 17,58 15,91 16,91 18,4 22,88 24,88 26,87 29,87 34,89
212 17,67 15,93 16,93 18,42 22,9 24,9 26,9 29,9 34,91
213 17,75 15,95 16,95 18,44 22,93 24,93 26,92 29,92 34,93
214 17,83 15,97 16,96 18,46 22,95 24,95 26,95 29,95 34,95
215 17,92 15,98 16,98 18,48 22,98 24,98 26,97 29,98 34,98
216 18 16 17 18,5 23 25 27 30 35
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og beinhelse hos unge 
 UIT Norges Arktiske UniversitetForskningsansvarlig:
 Nina EmausProsjektleder:
Vi viser til søknad om forhåndsgodkjenning av ovennevnte forskningsprosjekt. Søknaden ble behandlet av
Regional komité for medisinsk og helsefaglig forskningsetikk (REK nord) i møtet 18.09.2014. Vurderingen
er gjort med hjemmel i helseforskningsloven (hfl.) § 10, jf. forskningsetikklovens § 4.
Prosjektleders prosjektomtale
Overvekt og fedme er viktige folkehelseutfordringer i Norge og det samme er osteoporotiske brudd. Denne
longitudinelle studien skal generere ny kunnskap om fødselsvekt og vektutvikling i barneår har betydning for
forekomst av overvekt og fedme, kroppssammensetning og beinstyrke i ungdomsår for å få kunnskap om når
forebyggende tiltak bør settes inn. Beinstyrke har stor betydning for bruddrisiko og grunnlaget legges i
barne- og ungdomsår og vekt kan ha både positiv og negativ effekt på beinstyrken. Studien vil benytte
innsamlede data fra Fit Futures, en befolkningsundersøkelse med kartlegging av livsstil og helse hos
ungdom. 1038 ungdommer deltok i 2010/11 med oppfølging i 2012/13. Høyde og vektdata fra
helsestasjonsjournaler i tillegg til innhenting av fødselsvekt fra medisinsk fødselsregister vil gi oss
longitudinelle data og en mulighet til å studere vektutviklingen fra fødsel, gjennom barneår til ung voksen
alder og innflytelsen dette har på vekt, kroppssammensetning og beinstyrke.
Vurdering
Studien skal gjøres på data som allerede er innhentet i forbindelse med FIT Futures, som er en del av
Tromsøundersøkelsen, bare på ungdommer.
Det søkes om å få koble disse data opp mot Medisinsk fødselsregister, samt å innhente supplerende data fra
journal på helsestasjonene.
Vurdering av om det avgitte samtykke fra Fit Futures er dekkende
Informasjonsskrivet inneholder informasjon om at de innsamlede data kan bli koblet opp mot Medisinsk
fødselsregister, samt innhenting av supplerende data helsestasjon. Det avgitte samtykke ansees for å være
dekkende i forhold til det som skal gjøres i denne studien.
Vedtak
Med hjemmel i helseforskningsloven § 2 og § 9, samt forskningsetikkloven § 4 godkjennes prosjektet.
Sluttmelding og søknad om prosjektendring
Prosjektleder skal sende sluttmelding til REK nord på eget skjema senest 01.06.2020, jf. hfl.
12. Prosjektleder skal sende søknad om prosjektendring til REK nord dersom det skal gjøres vesentlige
endringer i forhold til de opplysninger som er gitt i søknaden, jf. hfl. § 11.
Klageadgang
Du kan klage på komiteens vedtak, jf. forvaltningslovens § 28 flg. Klagen sendes til REK nord. Klagefristen
er tre uker fra du mottar dette brevet. Dersom vedtaket opprettholdes av REK nord, sendes klagen videre til










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   







   







   








   






   







   























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Samtykke til å delta i studien Fit Futures 2
Jeg er villig til å delta i studien
_________________________________________________________________
 (DITT FULLE NAVN I BLOKKBOKSTAVER)









FF - Generelt spørreskjema - Uke 1 
Vi ønsker å vite mer om livsstil og helse. 
 
Bruk den tiden du trenger til å svare så presist du kan. 
 
Alle svarene dine blir behandlet med taushetsplikt. 
  
Bruk "neste >>" og "<< tilbake" - knappene i skjema for å bla deg fremover og bakover. 
 
Lykke til og tusen takk for hjelpen! 
 





6) Hva er den høyeste fullførte utdanningen til dine foreldre? (sett kryss for alle utdanningene du 




























8) I hvilken kommune bodde du da du var 5-6 år (førskolealder/1.klasse)?
Velg kommune  
9) Er du født i Norge?
Ja
Nei, spesi ser hvilket land
10) Er din biologiske mor født i Norge?
Ja
Nei, spesi ser hvilket land
11) Er din biologiske far født i Norge?
Ja







Her har vi noen spørsmål om kroppslige forandringer som skjer gjennom ungdomstiden: 
32) Har du fått menstruasjon?
Ja  Nei
 






35) Har du fått eller begynt å få kjønnshår?
Ja  Nei
36) Har du fått eller begynt å få bryster?
Ja  Nei
 
37) Har du fått eller begynt å få kjønnshår?
Ja  Nei
 




58) Hvor mange dager i uken driver du med idrett/fysisk aktivitet utenom skoletid?
Aldri
Sjeldnere enn 1 dag i uka
1 dag i uka
2-3 dager i uka
4-6 dager i uka
Omtrent hver dag




Omtrent 1 - 1 1/2 time
Omtrent 2 - 3 timer
Omtrent 4 - 6 timer
7 timer eller mer






Utenom skoletid: Hvor mange timer per dag ser du på PC, TV, DVD og liknende?
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28) Når man er tenåring, er det perioder da man vokser raskt. Har du merket at kroppen din
har vokst fort (blitt høyere)?
 Nei, den har ikke begynt å vokse
 Ja, den har såvidt begynt å vokse
 Ja, den har helt tydelig begynt å vokse




<< Tilbake  Neste >>
 
 
12 % completed   
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29) Og hva med hår på kroppen (under armene og i skrittet)? Vil du si at håret på kroppen din
har:
 Ikke begynt å vokse enda
 Såvidt begynt å vokse
 Helt tydelig begynt å vokse




<< Tilbake  Neste >>
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30) Hvor gammel var du da du begynte å få hår i skrittet (kjønnshår)?
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31) Har du begynt å komme i stemmeskifte?
 Nei, har ikke begynt ennå
 Ja, har såvidt begynt
 Ja, har helt tydelig begynt
 Det virker som om stemmeskifte er ferdig
32) Har du begynt å få bart eller skjegg?
 Nei, har ikke begynt ennå
 Ja, har såvidt begynt
 Ja, har helt tydelig begynt




<< Tilbake  Neste >>
 
 
14 % completed   
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